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ABSTRACT
A WATERSHED-BASED METHODOLOGY FOR ASSESSMENT OF

NONPOINT SOURCE POLLUTION FROM INACTIVE MINES

A watershed-based methodology for the screening-level assessment of nonpoint
source pollution from inactive and abandoned metal mines (IAMs) was developed,
tested, and evaluated in this study. The methodology is intended for use by state and
federal agencies responsible for management of these sites, and was designed to
generate the commoﬁ types of baseline site characterization information required for
targeting streams and contaminant source areas for remediation. These information
goals have been defined as part of this study prior to developing the assessment
methodology, and are based on generalized but clearly stated IAM management
goals that are most common among agencies.

The research involved the following:

(1)  Identifying typical water quality and hydrologic characteristics of and
assessment methods for IAMs.

(2)  Defining IAM management goals and information goals for targeting.

(3) Identifying and evaluating attributes of data derived from typicai synoptic
surveys of JAMs.

(4)  Identifying common data gaps and data collection and analysis methods to fill
these gaps. '

(5)  Identifying and evaluating applicable assessment and data analysis methods
to achieve the stated information goals.

(6) Developing, testing, and evaluating the assessment methodology.
The Cement Creek Basin, part of the Upper Animas River Basin above Silverton
in the San Juan Mountains of southwestern Colorado, was used as the primary case

il



study to develop the recommended methodology. The study showed that the
potential error and uncertainty in the data and derived information should be
considered explicitly in the assessment process in order to target remediation with
a known degree of confidence. Confidence intervals, therefore, should be computed
for statistical estimators. Visual aicis for data presentation and usage should be used
and include . graphs, mapping of information, and if possible, GIS. Targeting in.
Cement Creek and at other sites can be accomplished effectively using the
recommended rﬁethodology. Sqme data gaps exist in Cement Creek and at most
IAMs with regard to targeting remediation. These can be filled when the required
information goals are not met with existing data and when resources are available
using some of the methods discussed in this study. The recommended methodology

is applicable to and would be very useful for other IAMs.

Brian S. Caruso

Department of Civil Engineering
* Colorado State University

Fort Collins, Colorado 80523

Fall 1995

iv



ACKNOWLEDGEMENTS

This dissertation is the final product of almost eight years of study to earn my
doctoral degree. This endeavor has been a significant part of my life that has
required a dedication and self motivation that at times I was not sure that I had.
Although during this time period I did not have the opportunity to Study on a full-
time Basis, I did have the fortune to have a loving and understanding family that
helped to make all of this possible. To accomplish my goal, sacrifices were certainly
required by my family and myself. I also had the opportunity to work professionally
so that I could transform a knowledge of practical and common hydrologic and water
quality problems and engineering experience into, I hope, a useful applied research
project.

My great appreciation to Dr. Jim Loftis who, as my advisor and co-researcher,
provided guidance and insight into my research as well as how to maneuver through
the formidable academic process. Many thanks also to Dr. Robert Ward for his keen
understénding and knowledge of practical environmental management issues and
related research needs and methods. Thanks also go to Dr. Jorge Ramirez and Dr.
Rick Walters, who served on my graduate committee and provided extensive review
of my work and useful comments and advise on the development of this document.

This research was funded in part by the Colorado Center for Environmental
Management (CCEM), and through a grant from the U.S. Environmental Protection
Agency, Region VIII, as part of the Rocky Mountain Headwaters Mining Waste
Initiative. I would like to sincerely thank Gary Broetzman of CCEM and Carol
Russell of USEPA for their technical assistance on this project. Thanks also to Greg

v



Parsons and Bob Owen of the Colorado Department of Public Health and
Environment for providing data from the Cement Creek Basin and practical insight
into the watershed.

Most of all I would like to thank my wife Ruth, for providing understanding and
support throughout this long process, and for being a large part of the whole
experience. I could not have achieved this without her. My daughters, Hana and
Sage, also sacrificed time with me so that I could achieve this goal. In future years
I hope to spend more time enjoying my family, as well as succeeding in my

professional career.



TABLE OF CONTENTS

Section Page
TABLE OF CONTENTS . . ...t e e eee e e n vii
LIST OF FIGURES .. ... ... e e e e xiii
LISTOF TABLES . . ... ittt e e eeeanann XV
1.0 INTRODUCTION . .. ...ttt it e e 1
1.1  Problem Definition ................... e 2
12 ODbjectiVes .. vvvvi ittt e e e . 5
13 SCODPE .t e e e et e et e 7
2.0 CHARACTERISTICS OF INACTIVE AND ABANDONED MINES .. 9
2.1  Location, History, and General Site Characteristics ........... 9
2.2 Solid Waste Characteristics .............. ... ... 12
23  Liquid Waste Characteristics ................ e 13
24 Hydrology ........coiiiiiii i e 14
2.5  Erosion and Sedimentation ......... e Ce e 15
2.6  Receiving Water Quality Impacts ........... e .... 18
2.6.1 Streams and General Water Quality ................ . 18
2.6.2 Impairment of Beneficial Uses ..................... 20
2.6.2.1 Aquatic Life Impacts ................. 20
2.6.2.2 Municipal, Agricultural, and Industrial Use
Impacts ...................o. .. P |
2.6.23 Recreational Use Impacts . ............. 22
© 27  AestheticImpacts ......................... e 22
2.8 Socioeconomic and Other Impacts . ...................... 23
3.0 EXISTING ASSESSMENT METHODS FOR INACTIVE AND
ABANDONED MINES . . ... ...ttt iiiinnanann 24
3.1  Federal Regulations Requiring Assessment ............... 24
3.2  Other Federal Agency Assessment Methods .. .............. 32
3.3  State Agency Assessment Methods . ...................... 42
34  Other Assessment Efforts ............................. 46
3.4.1 Information Systems .............. ... .. ... 46
3.4.2 Statistical Methods .............. ... ... ... 47
343 Empirical Methods .............. ... ... ... ... ... 48
344 Risk Assessment . . ....... ..., 49
3.4.5 High Altitude Environments . ...................... 50
346 Mining . ......oi it e 51
347 Metals .. ... .. e 51
3.48 Sediment ........ e e 51
349 Biological Methods . ............. ... ... . ..., 52
3.4.10 Synoptic Methods ............. ... ... .. ... e 52
3.4.11 Geographic Information Systems ................. .. 53
vii



Section Page
3.4.12 Standards ....... e et e e 53
35  SUMMaATY ... .. e e e 54
4.0 INACTIVE AND ABANDONED MINE MANAGEMENT GOALS AND
INFORMATION GOALS FOR TARGETING .................. 55
41 IAM Management Goals .................. e 55
4.1.1 Water Quality Management Goals .................. 59
4.1.2 Risk-based Approach ............................ 61
4.1.3 Geographic Approach ........................... 62
4.1.4- Consistent Methodology .......................... 64
: 415 Targeting .. .......conmiinininn i 65
42 - Information Goals . ....... e e 71
4.2.1 Assessment Phases .......... P 72
42.1.1 Inventory ............ ...t 73
4212 Screening-level Assessment for Targeting .. 75
42.13 Detailed Assessment for Remediation . . . . . 75
4.2.14 - Long-term Maintenance Monitoring and
Assessment . ............ ..., 77
4.2.2 Screening-level Assessment Information Goals for
Targeting . .......c.inii e 77
4221 State-level Targeting Criteria and Information
. Requirements . ...................... 77
4222 Watershed-level Targeting Criteria and
Information Requirements ............. 79
4223 Summary of Screening-level Assessment
_ Information Goals for Targeting ......... 83
4.2.3 Quantitative Information Goals ............. e 87
4.23.1 Designated, Existing, and Attainable Beneficial
Uses of Stream Segments .............. 87
4232 Numeric Water Quality Standards and Maximum
: Concentrations Associated with Uses .. ... 89
4233 Maximum Loadings Associated with Uses .. 90
4234 Type and Extent of Water Quality Impairment
and Critical Conditions . ............... 91
4235 Reductions in Concentrations and/or Loadings °
Required to Achieve Desired Beneficial Uses 91
423.6 Areal Extent and Contaminant Concentrations of
NPSs ............ e e 92
423.7 Distances Between Sources and Watercourses
and Impaired Stream Segments . .. ... .. .. 92
4238 Locations of Loadings to and Losses from Stream
Segments .............. . i 93
4239 Magnitudes of Concentrations and Loadings 93
viii

TABLE OF CONTENTS (CONTINUED)



TABLE OF CONTENTS (CONTINUED)

Section ' Page
423.10 Differences Between Magnitudes of

Concentrations in and Loadings to Stream

Segments ............ .. i, 95

5.0

6.0

4.2.3.11 Frequency or Risk of Exceeding a Target
Concentration in and Loading to a Stream
Segment ............ ..., 97
423.12 Remedial Technologies Available and Costs 98
423.13 Funding Awvailability and Public Support for

Remediation ....................... 98
DATAATTRIBUTES . . ..... ...ttt iiiiiiaannns 100
51 " CaseStudyIAMsandData ............... ..., 101
5.1.1 Upper Animas River Basin Data Collection .......... 105
5.1.2 Pecos Mine Site Data Collection .................. 107
52 DataManagement .............ccoiiiiiiitiinnianann 108
DATA ANALYSISMETHODS ... ...... ... it 112
6.1  Information Goal #1. Type and Extent of Water Qua.hty Impairment
: and Critical Conditions .................... ... ....... 113
6.2  Information Goal #2. Areal Extent and Contaminant Concentrations
Of NPSs . ..o e 115

6.3  Information Goal #3. Magnitudes of Concentrations and
Loadings . .......cciitiiiiiiiiit i 116
6.3.1 Concentrations .............ueeeeenenreennnnn, 116
6.3.1.1 Mean, Median, and CIs .............. 116
6.3.1.2 Standard Deviation, CI, and Minimum and
Maximum of Concentrations .......... . 123
632 Loadings .........ciiiiiin it 124
6.3.2.1 Mean, Median, and CIs of Loadings . .... 124
6.3.2.2 Total Loadings ..........ccocvuunn.. 125
6.3.23 Percentages of Loadings .............. 126
6.3.24 Standard Deviation, CI, and Minimum and
Maximum of Loadings ............... 127
633 Unit AreaLoadings ............. ..o onn. 127

6.3.3.1 Mean, Median, and CIs of Unit Area
Loadings .................ues. 127
6.3.3.2 Total Unit Area Loadings ............. 129
6.3.33 Percentages of Unit Area Loadings . ..... 130
6.3.34 Standard Deviation, CI, and Minimum and
Maximum of Unit Area Loadings ...... 130
6.4  Information Goal #4. Locations of Loadmgs to and Losses from
Stream Segments . ..........c.c 0ttt e 131
6.5 Information Goal #5. Distances Between Sources and Watercourses
and Impaired Stream Segments ...................... L. 132

ix .



Section Page
6.6  Information Goal #6.  Differences Between Magnitudes of
Concentrations in and Loadings to Stream Segments ........ 133
6.6.1 Concentrations ............ e 134
662 Loadings ............... i, I 136
6.6.3 Unit AreaLoadings ................. ... ... 137
6.7 Information Goal #7. Frequency or Risk of Exceeding a Target
Concentration in and Loading to a Stream Segment . ........ 138
7.0  DATA GAPS ... . e e e 142
7.1 WaterQualityData . ..............ccoiviiiiiiiiia.. 143
72 SedimentData ................ciiiiiiiiiiiinnnnn. 145

73 AquaticEcologicData................cciiiiiiia.. 146
8.0 RECOMMENDED METHODOLOGY .........civiiiiuieennn. 150
8.1  Step 1: Define Information Goals for Watershed ......... . 151
82 Step 2: Collect, Evaluate, and Summarize Existing. Data/
Information .. ......... . ... . . i 151
‘83  Step 3: Identify Data Gaps and Methods to Fill Gaps ....... 155.
8.4  Step 4: Data Collection (if required) .................... 156
84.1 Analytes .............ciiiiitiieriiiiiiiia 156
842 locations .................. e e 158
843 Frequencies ............ciiiinrtiiinnnnnnnnn 158
8.44 Laboratory Anmalysis .............coiiiiiinnnn. 159

8.4.5 Additional Data Collection ...........c..cocuuen.. 159
85 StepS: Data Management ..............co0iiuunnnnn. 161
8.6  Step 6: Data Analysis and Presentation .. ................ 163
8.6.1 Analysis of Individual Points ..................... 164
8.6.2 Analysisof Areas ............................. 166
87 Step7: Targeting ................. e 169
87.1 StreamSegments.............. ..o, 170
8.72 Source Areas . .........c..iiiiiiiiiiii s 171
8.7.3 Targeting Report ............ [ 172
88 Testingand Evaluation .................. ... ... 173
9.0 SUMMARY AND CONCLUSIONS ...........ciiuiiiinnn.. 183
9.1 SUMMATIY ..\ttt tete ettt eeeeeeneeneaneaneanns 183
92 Conclusions ... ......... i P 184
REFERENCES . .. ... ittt e i 188

X

TABLE OF CONTENTS (CONTINUED)



TABLE OF CONTENTS (CONTINUED)

ection Page
APPENDICES
A DATA ATTRIBUTES OF INACTIVE AND ABANDONED MINE CASE
STUDIES . ... e et e i 200
A.1 Measurement Error and Uncertainty .................... 200
A2 SampleSize ........... ... i e 204
A3 Multiple Observations .............ccoveeemuununnnnnn. 231
A4 Censoring .............. e et e 231
A.S Changing Sampling Frequencies and Missing Values ........ 232
A6 Nonmnormality ............. 0.0ttt nenneenn, 234
A6.1 Skewness Test .............ccoiiiiiiiin... 235
A.6.2 Box-and-Whisker Plots ......................... 235
A.6.3 Normal Probability Plots ........................ 238
A.6.4 Nonnormality Summary .......................:. 243
AT Seasomality ..........cctiiiiii e e 249
A.7.1 Multiple Box-and-Whisker Plots . . ................. 251
A.7.2 Magnitudes of Differences . ...................... 255
A73 SeasonalitySummary ............. ... 257
B CEMENT CREEK MAPS ... ... .. . i, 258
~ Figure B1  Cement Creek Basin and Sampling Stations . ......... 259
Figure B2  Snowmelt 1992 dissolved zinc concentrations and exceedances
of chronic and acute aquatic life standards .......... 260
Figure B3  Snowmelt 1992 dissolved zinc loadings and unit area loadings
from first order subbasins ................ .. .. ... 261
C CEMENT CREEK EXAMPLE DATA ........... ... ......... 252
Table C1 Example of spreadsheet database with raw flow and dissolved
zinc concentration data and loading and unit area loading
i - P 263
Table C2  Example of spreadsheet database with dissolved zinc
concentration data, exceedances of aquatic life standards, and
related information ............. .. . L, 270
D CEMENT CREEK DATA ANALYSIS .................... .. 277
D.1 Information Goal #1. Type and Extent of Water Quality Impairment
and Critical Conditions ........... ... ... ... . ....... 277
D.2 Information Goal #2. Areal Extent and Contaminant Concentrations
o) ) 279
D.3 Information Goal #3. Magnitudes of Concentrations and
Loadings . ......... ittt 279
D.3.1 Concentrations ............c.ccoviiiininnnnnnn. 279
D32 Loadings .. .....coiiiiiii 288
xi



Section Page
D.33 Unit Arealoadings ...................oo..... 293

D.4 Information Goal #4. Locations of Loadings to and Losses from
Stream Segments .. ........... .. . i i 299

D.5 Information Goal #5. Distances Between Sources and Watercourses
and Impaired Stream Segments ........................ 305

- D.6 Information Goal #6. Differences Between Magnitudes of
Concentrations in and Loadings to Stream Segments ........ 306

D.6.1 Concentrations ................cceiuiuuinineneeenn. 306

D.6.2 Loadings ................. PN 311

D.6.3 Unit Area Loadings .......................... L 312

D.7 Information Goal #7. Frequency or Risk of Exceeding a Target
Concentration in and Loading to a Stream Segment ......... 321

D.7.1 Concentrations ..............ccevuueenennees.s . 321

D72 Loadings . .. ..o vttt 329

D.7.3 Unit Area Loadings .................. e 334

D.8 Summary of Targeting in the Cement Creek Basin .......... 341
E METHODS TO FILL DATAGAPS .......... ..., 343
E.1  Methods to Fill Water Quality and Sediment Data Gaps ..... 343
E.1.1 Additional Data Collection ...................... 344

E12 Modeling .......... .. .t 345

E.12.1 USLE ....... i, 346

E.1.2.2 Regression ........................ 352

E.1.3 Cement Creek Water Quality and Sediment Data Gaps . 354

E.2 Methods to Fill Aquatic Ecologic Data Gaps .............. 357
E.2.1 Additional Data Collection ...................... 358

E2.1.1 Toxicity Tests . .. ........... ... o... 361

E2.12 Biomarkers ....................... 362

E.2.13 Biological Surveys .................. 363

E2.2 Cement Creek Aquatic Ecologic Data Gaps ......... 366

LIST OF ACRONYMS AND ABBREVIATIONS .................... 368

TABLE OF CONTENTS (CONTINUED)

xii



2.1
2.2

4.1

5.1

A6
A7
A8
A9
A10
D1
D2
D3
D4
D5
D6

D7
D8

LIST OF FIGURES

Title Page
General locations of IAM districts in the U.S. and of the Colorado
mineral belt ............ ... .. ... ... .. L S 10
Typical annual hydrograph for IAM watershed .............. 16
Schematic representation of an IAM watershed and different spatial
scalesof interest ............ ... ... i i i, 69
Upper Animas River Basin .......... e et 106
Box-and-whisker plots for dissolved zinc concentrations in Cement
5 (-] 239
Box-and-whisker plots for dissolved zinc unit area loadings to Cement
CreeK ..o e e e e e 240
Normal probability plots for dissolved zinc concentrations in Cement
Creek ... e 241
Normal probability plots for dissolved zinc unit area loadings to
CementCreek ..ottt 242
Box-and-whisker plots for logtransformed dissolved zinc
CONCEMMTALIONS . .. oot vvet et een it ene e naeeaneenns 245
. Box-and-whisker plot for logtransformed dissolved zinc unit area
loadings ...........ciiiiiii 246
Normal probability plots for logtransformed dissolved zinc
CONCENtIAtIONS . ...t i i itieee i ia e nieeeeeennnn 247
Normal probability plot for logtransformed dissolved zinc unit area
loadings . ....... .. e e 248
Multiple box-and-whlsker plots for dissolved zinc concentrations in
Cement Creek byseason .............ccivieenenn.. 253
Multiple box-and-whisker plots for dissolved zinc unit area loadings to
Cement Creek byseason ................ ... cvun. 254

Annual mean daily discharge hydrographs for Cement Creek .. 282
Bar graph of mean dissolved zinc concentrations in Cement Creek by

T2 110+ . 286
Total (bar graph) and percentage (pie chart) of annual dissolved zinc
loadings to Cement Creek by season .................... 291
Bar graph of dissolved zinc mean daily unit area loadings to Cement
Creekbyseason ...........c.ccviiiiiiiinnnnnnnnnnnnn 297
Dissolved zinc unit area loadings (bar graph) and percent of annual
unit area loadings (pie chart) to Cement Creek by season .... 298.
Dissolved zinc concentrations versus distance in Cement Creek 300
Dissolved zinc loadings versus distance in Cement Creek .. ... 301
Dissolved zinc loadings in tributaries to Cement Creek ...... 304
Xiii



DY
D10
D11
D12
D13
D14
D15
D16

D17

LIST OF FIGURES (CONTINUED)

Title Page
Bar graph of mean dissolved zinc concentratlons in upstream and
downstream Cement Creek segments . ................... 309
Multiple box-and-whisker plots of dissolved zinc concentrations in
upstream and downstream Cement Creek segments ......... 310
Bar graphs of mean daily dissolved zinc loadings to Cement Creek
from NPSs and point sources . ...............coiviuuuann 313
Bar graphs of dissolved zinc loadings to Cement Creek from NPSs and
POINE SOUTCES . . . v v evi e eenenneiecneaecceeeannnnnnns 314
Bar graphs of dissolved zinc mean daily unit area loadings to Cement
Creek from NPSs and background sources ................ 317
Bar graphs of dissolved zinc unit area loadings to Cement Creek from
NPSs and background sources .................. .. .... 318

Multiple box-and-whisker plots of dissolved zinc mean dally unit area
loadings to Cement Creek from NPSs and background sources . 319
Cumulative distribution plots of Cement Creek dissolved zinc mean

CONCEMMTALIONS ...\ v v it e ini e eeeeeeenennnnnnnas 322

Cumulative distribution plots of Cement Creek dissolved zinc mean

daily unit area loadings ............ ... ... ... ... .. 335
Xiv



7.1
7.2
8.1

8.2

Al

A4
A6
A7

A8

Al0
All
Al2
D1
D2
D3
D4
D5
D6
D7
D8

D9
D10

LIST OF TABLES _
Title Page

Data gaps for the Cement Creek Basin and that are typical for IAM
screening-level assessment . ...............0 0. 144
Ecological information required for use attainability analyses .. 148

Recommended methodology for screening-level assessment of NPS

pollution from IAMs . ....... ... ... ... ... 152
Potential applicability of recommended methodology to other

JAMS .. e 174
Effect of sample size for individual station on CI of mean zinc
concentration for the Pecos Mine site ................... 208
Calculations for Table A1 ........... ... ..., 209
CI of mean and median zinc concentration based on large sample size
for individual station in the Upper Animas River Basin ...... 219
Calculations for Table A3 ...................c.cvnnn. 220
Effect of sample size for multiple stations on CI of zinc concentration
inCementCreek . ..............iuierennnnnnnn. 225
Calculations for Table AS ............... .. .. . ... 226
Summary statistics for Cement Creek dissolved zinc

CONCEMMIAtiONS . ... ... ...ttt innniniiteeneenn, 236
Summary statistics for Cement Creek dissolved zinc unit area
loadings . ......... ittt i e e 237
Summary statistics for logtransformed dissolved zinc

CONCEMMTAtiONS . ... ....v ittt inii i 244
Summary statistics for logtransformed dlSSOlVCd zinc unit area
loadings . .........c.o i e e - 244
Differences in Cement Creek dissolved zinc concentrations between
SCASOMS & v v eeeee v e e e e tonanneaeeeeeesnnneennnesens 256
Differences in Cement Creek dissolved zinc unit area loadings between
SCASOMS « v oo ivveene e e it i e 256
Cement Creek dissolved zinc concentrations .............. 281
Cement Creek dissolved zinc loadings ................... 290
Loadings of dissolved zinc into and out of Cement Creek . . . .. 290
Cement Creek dissolved zinc unit area loadings ............ 295
Cement Creek differences in dissolved zinc concentrations in upstream
and downstream segments ........... ... i, 308
Cement Creek differences in dissolved zinc loadings from NPSs and
POINt SOUICES . . ... vvvveievinneennnneeenenannennni. 308
Cement Creek differences in dissolved zinc unit area loadings from
NPSs and background sources ............. ... ... ..., 316
Ranking of Cement Creek dissolved zinc concentrations . . . . .. 312
Ranking of Cement Creek dissolved zinc loadings .......... 330
Ranking of Cement Creek dissolved zinc unit area loadings ... 338

XV



1.0 INTRODUCTION

One of the primary forces behind the exploration and development of the
western United States for over a century was the mining of vast lands for minerals
demanded by society. The intensive mining efforts that occurred over the years left
a legacy of waste and environmental problems from inactive and abandoned metal,
or hardrock, mines scattered throughout the west. Mining prior to 1970 was
generally conducted with little environmental cognizance or regulation. Waste rock
was left exposed to the elements at the mine site, and tailings were located at the
lowest convenient point, typically in or adjacent to stream channels. It is only now
being realized that these .mine wastes have caused and are continuing to cause
significant envirpnmental problems (USEPA, 1987a, 1991a; WGA, 1991). The
problems associated with impacts to the water Quality of streams and aquatic life are
the most common and severe. Many of -these mines contribute acidic drainage,
sediment, and metals from nonpoint source (NPS) areas, such as waste rock and
tailings, to receiving streams, thereby impairing the beneficial usés of the water
bodies. Increasing outdoor recreation, urban sprawl, and general population growth
into rural areas where many of these sites are located increase the risk of exposure
of the general public to hazardous mine waste and increase public awareness of and
concern over mine waste problems. The degradation of ecological systems and
aquatic life in many of these mountainous locations is also a primary concern for

regulatory agencies and the public.



1.1  Problem Definition

The sites discussed as part of this research project are commonly known as
inactive and abandoned mines (IAMs). The definition of an IAM varies somewhat
between states, but the most common definition is a mine that operated and ceased
operation prior to 1970 and for which there is no party that has a céntinuing
reclamation responsibility (CCEM, 1993). The strict definition of IAMs includes
both coal and noncoal mines, but this study only addresses noncoal (also known as
metal or hard rock) mines. Most bf these sites are located in the mineral belts of |
the western U.S.

No comprehensive national program currently exists for the management of
IAM;s, and no federal environmental regulations directly address the vast majority of
these sites. Overall management goals for IAMs, therefore, have I°10t been defined.
Specific information goals for the assessment of these sites that are based on
management goals have also not been defined. Unlike coal, there has been no
national inventory of noncoal mine waste problems. Much of the existing data, |
therefore, are incomplete and inconsistent. Attempts to address the IAM problem
are very scattered within the federal and state governments (WGA, 1991). The
approaches taken by each of the agencies are not consistent, and the management
and information goals of each agency are different. For example, the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) requires
federal land management agencies to perform inventories of potential hazardous
waste sites on federal property, but the methods and status of the efforts vary
considerably among agencies. With regard to state programs, a few states have been
addressing this problem for many years while others have not even begun the
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inventorying process. One of the pnmary reasons for the significant differences in
the status of stafe programs is that the inventorying costs alone can be as high as
over one million dollars in states such as Idaho and Montana (WGA, 1991), and
funds for most states to address the problem are not currently available.

As a result of the IAM management problems discussed above, several
coﬂaborative efforts by state and federal agencies, environmental and research
organizations, ad hoc committees, and mining companies are currently underway to
address some of the environmental problems associated with mine waste (CCEM,
1993). Congressional legislation in the near future could also result in a greater
national effort to remediate these sites. The Western Governors’ Association
(WGA) Mine Waste Task Force implemented a scoping study (WGA, 1991) funded
by the U.S. Environmental Protection Agency (USEPA) using éxisting data from 18
western states on the size and nature of the IAM problem. The study revealed that
there is wide variability in the quality and quantity of information regarding these
sites among the states due to inconsistencies in the inventorying and assessment
process. Although the data are limited, it is apparent that there are significant
environmental, health, and safety problems associated with these sites and that the
estimated costs of remediation are substantial. The WGA study (1991) identiﬁed
thousands of miles of streams and thousands of acres of land impacted by IAM waste
throughout the U.S. There are more than 20,000 individual waste sites in Colorado
alone, and it has been estimated that over 1,200 miles of streams in Colorado have
been adversely impacted to varying degrees by IAM waste drainage. The types and
definitions 6f impa;ts vary to a certain extent, but many of the problems are similar
in nature and are caused by processes that are common in the environments in which
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most of these sites occur. Impacts to streams typically include the following:

o impairment of designated beneficial uses, such as domestic water supply,
recreation, aquatic life habitat, wild and scenic river, etc.
° metals concentrations exceeding numeric water quality standards and acidic

conditions

. fish kills and aquatic life degradation

° sedimentation
° wetlands, riparian vegetation, and aquatic habitat degradation
° aesthetic problems

° human health risks

Other environmental impacts typically associated with these waste sites include the

following:

o upland erosion of waste material and disturbed land
o terrestrial vegetation and habltat degradatlon

o human safety risks

Most of these sites are located at high altitudes in mountain environments. Many
of them are located in relatively isolated headwaters where the environmental
conditions and water quality are largely controlled by the dominant hydrologic
processes within the basin such as snowmelt. The terrain is often Steep and rugged.
Natural vegetation in these areas is typically composed of forest or woodland
communities and provides good wildlife habitat. The areas are often aesthetically
pleasing and provide recreational opportunities for many people.

The sites do vary, however, in terms of size, complexity, and geochemical and
physical characteristics as well as in the severity of the impacts to the receiving
streams. Some individual sites are very small and isolated and are not located near

a stream or appear to have no significant impact on the water environment based on
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limited visual observations and /or data. Other individual sites are part of a historic
mining district within a large watershed where there are hundreds of individual sites
and problems. These basins can be very complex and could have caused .such severe
degradation of water quality that no.aquatic life exists in receiving waters for some
distance downstream from the source areas. Some sites are also located upstream
of population centers, water supplies, or recreational areas. This usually adds td the
complexity of the impacts.

Oﬁe of the primary JAM management problems is that specific cleanup and
water quality goals have generally not been defined for most of these sites. Are
numeric water quality standards applicable in streams where all aquatic life is gone?
Numeric goals are one thing, but realistically reaching these goals is another with
limited resources and severe problems. Impairment of desighéted beneficial uses,
especially of aquatic life habitat, is a major concern and restoration of the uses and
ecological system is a very important cleanup goal. Achievement of this goal could
take several decades in some severely impacted areas, or might not even be possible
without an exorbitant amount of money and resources. It is also difficult in many
cases to quantify the appropriate numeric goals fof the water body as well as the
degree of impairment of fhe system.

The WGA study (1991) concluded that well defined management and
information goals are required for future inventories, assessment, and remediation
of these sites with consistent methods and coordination among the agencies
conducting the work.

1.2 Objectives
Given the large scope and complexity of the JAM problem in conjunction with
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the lack of a coordinated effort and limited resources to address the problem, overall
IAM management goals must first be defined before the effective assessment and
remediation of the sites can be accomplished. Prioritizing or "targeting" IAMs for
remediation will probably be an integral component of the effective management of
these sites given limited financial and human resources to address the problem
(WGA, 1991; CCEM, 1993). Information required for targeting is typically derived
from limited synoptic monitoring of the sites and analysis of resulting data. In order
to make the targeting and remediation of IAMs cost effective, the specific
information required for targeting should be clearly defined prior to data collection
and analysis and should be somewhat consistent and comparable among sites using
similar data collection, analysis, and reporting methods (WGA, 1991; CCEM, 1993).
An effective, practical, and consistent quantitative methodology to perform screening-
level assessment of these sites to provide the specific information required fof
targeting is therefore warranted.

The primary objective of this study is tb develop a standardized watershed-based
fnethodology for screening-level assessment of NPS pollution from IAMs for targeting
remediation. Several specific objectives and tasks have been identified that are
required to meet this overall objective:

1. Identify typical water quality and hydrologic characteristics of and assessment
methods for IAMs.

2. Define IAM management goals and information goals for targeting.

3. Identify and evaluate attributes of data derived from typical synoptic surveys
of IAMs. '

4. Define and evaluate applicable data analysis methods to achieve the stated

information goals.
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5. Identify data gaps and data collection and analysis methods to fill these gaps
(proposed future monitoring system designs).

6. Develop, test, and evaluate the methodology.

The term "methodology" is defined for the purposes of this study as the
integration of multiple, specific methods and steps into a logical and useful pfocedure
or protocol that is being developed as part of this study. It does not refer to.the.
methodology used for this study itSelf.

1.3 Scope

The recommended methodology will be developed based on the following
limitations:

1. This study will develop a methodology for screening-level assessment to derive
information for targeting. Targeting is generally performed after the

inventorying phase but prior to the remediation phase.

2. This study will focus on loadings and concentrations of metals in surface water
(runoff and streams) in typical IAM watersheds.

3. Specific assessment methods for groundwater and lakes will not be considered.

4. Methodologies for detailed, process-oriented (physical and chemical) studies
will not be presented.

S. Although elements of existing quantitative methods will be used and
integrated to develop a methodology, no specific new quantitative methods
will be developed.

Chapter 2 of this document presents a discussion of common water quality and
hydrologic characteristics of and environmental problexhs at typical JAMs. Chapter
3 is a discussion of past and present IAM and related monitoring and assessment
methods as presented in the literature including federal regulations requiring

assessment and federal agency methods, state agency methods, and other assessment

methods discussed in the open literature. Chapter 4 presents generalized IAM
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management goals and associated information goals, as defined by potential targeting
ériteria and detailed discussions with key agency personnel. To a certain extent, the
information goals are dictated by the available assessment techniques. Chapter §
presents an evaluation of common attributes of data derived from typical IAMs that
might impact data analysis methods and interpretation. Dissolved zinc data from the
Cement Creek Basin above Silverton in the San Juan Mountains of southwestern
Colorado are used extensivély to evaluate attributes. Data collection and
management methods that are useful for subsequent data analysis are also discussed
in this chapter. Chapter 6 is a discgssion of common data analysis methods, as well
as information presentation and targeting methods, that might be applicable to and
useful for assessment of most IAMs. The methods also are applied, tested, and
evaluated in this chapter using the Cement Creek data. The methods will be
considered useful if the defined information goals can be reached and if targeting
critical areas in the Cement Creek basin can be accomplished in an effective manner.
Chapter 7 presents a discussion of important data gaps encountered in the
assessment of Cement Creek and for most assessments of IAMs that might require
additional assessment activities to fill in-the gaps. Typical methods that can be used
to fill in these data gaps are also discussed in this chapter. In Chapter 8, the useful
methods discussed in Chapter 6 are combined and integrated into a recommended,
comprehensive methodology for the screening-level assessment of NPS pollution from
IAMs for targeting critical areas. The methodology is also qualitatively tested and
evaluated in this chapter using the general site characteristics of and data sets
derived from several other IAM watersheds. Chapter 9 is a summary and discussion
of conclusions that can be drawn from this study.
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2.0 CHARACTERISTICS OF INACTIVE AND ABANDONED MINES
This chapter discusses the history and physical, chemical, ecological, and waste

- characteristics that are common to many IAMs in the western U.S.

i

|

|

! 2.1  Location, H_istory, and General Site Characteristics

l The exploration and development of the western U.S. was largely influenced by
more than a century of mining of vast lands for metallic ores required by an evolving

! industrialized society. Mineral belts extend across many areas of the western U.S.

I including most of the 17 western states. The states with the most extensive mineral

| belts and metal mined areas are Colorado, Idaho, Montana, and California (Martin

l and Mills, 1976). The Colorado -mineral belt, for exg.mple, extends from near

l Durango in the San Juan Mountains in the southwestern part of the state to near
Boulder in the Front Range (Moran and Wentz, 1974). Figure 2.1 shows the

l locations of general problem areas across the U.S. (as defined by USEPA) and the

extent of the mineral belt through Colorado.

Major production metals are classified into five groups: base, ferrous, pfecious,

rare, and radioactive (Martin and Mills, 1976). Base metals include cdpper, lead,

and zinc. Ferrous metals include iron, and gold and silver comprise the precious

typical in Colorado that usually includes base metals and precious metals (Moran and
Wentz, 1974). The base metals and silver typically occur as sulfides (and sometimes

' metals. Rare metals include molybdenum, tungsten, and tin. "Complex ore" is
. oxides). Gold and silver tellurides compose a second type of ore found in Colorado.
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A third type of ore is molybdenum ore that usually also contains tin and tungsten.

- Radioactive elements occur primarily in uranium and vanadium ores (Martin and

Mills, 1976).

Production (mining) methods include both surface and underground mining
(USEPA, 1975). Surface mining methods include both placer and open cut.
Underground mining methods include open or supported stopes, caving, flat seam,
and solution mining. Low-grade (non-economic) waste rock from the mining process
is called "gangue." Mineral processing (milling or beneficiation) is performed after
the production (usually in the same vicinity within 10 or 20 miles of the mine) and
includes sizing, sorting, concentrating, and metallurgical processing. Flotation was
by far the most common method for concentrating metals. All solid and liquid waste
materials from nﬁefal processing were typically disposed in tailings ponds (Martin and
Mills, 1976).

Little environmental cognizance or regulation existed during most of the
exploration and mining of these metals (WGA, 1991). Waste rock was usually left
in place adjacent to the mine. Tailings were typically deposited at the lowest
convenient location near or in alluvial stream valleys. - Adits and shafts were left
open and exposed to the public, also expdsing the natural and mined metal ores to
further oxidation and allowing continued discharge of acid and metals drainage. The
topography of the mined area was altered, vegetation removed, and adjacent land
disturbed by milling operations, access and haul roads, staging areas, and other
ancillary activities that allowed significant erosion and sedimentation. Until the
1970’s, no attempts were made to reclaim these mined lands or disturbed areas, and
only then reclamation was performed primarily for coal-mined lands and only

11
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because of the requirements of the Surface Mine Control and Reclamation Act
(SMCRA) enacted in 1977. The active metal mine operations were exempt from all
reclamation requirements, and abandoned or inactive metal mines had no
environmental responsibilities (WGA, 1991). With regard to current environmenfal
problems at IJAMs, three sources of water pollution are generally recognized: acid
mine drainage (AMD), metals drainage, and sediment (Martin and Mills, 1976).
2.2  Solid Waste Characteristics

Solid waste from metal mining operations includes primarily tailings and waste
rock (USEPA, 1975). Tailings may be defined generally as solid material disposed
of from the milling or processing of metal ores. After the milling process, tailings
generally still have high concentrations of minerals. Tailings also have particles with
increased surface areas due to crushing and are completely exposed to air. All of
these factors result in a significant potential source of metals pollution to nearby
water bodies, especially since tailings are typically located near or in stream channels.
It also means that the metals may potentially be recovered economically from

tailings, even though they were not considered economically recoverable at the time -

of processing.

Waste rock is typically defined as any solid material removed from a mine in
order to access the ore body. Because of its heterogenous nature, most waste rock
is non-economic and its use is generally restricted to crude fill material. However,
the waste rock is also typically composed of some metal ores that may not have been
economically feasible to recover at the time of operation. Therefore, the potential
for dissolution and leaching of metals from waste rock is significant. Waste rock
generally exists at all IAMs that were explored but never developed, as well as at

12



sites that were actually mined (Martin and Mills, 1976).
23 Liquid Waste Characteristics

Liquid waste generated by past minir_xg activities that is still a problem today
includes AMD and metals- drainage (Martin and Mills, 1976). This drainage
emanates from both adits/shafts and leaching of solid waste materials. AMD is the
result of acid generation from the oxidation of natural pyritic material in mineral
belts that is exposed to air and water (Wentz, 1974). This exposure and the
generation of AMD is accelerated by mining operations. The acid itself is harmful
to aquatic biota and can preclude designated uses of the water. The acidic water
also causes and accelerates the dissolution of metals from the ores, tailings,- and
waste rock. These metals are leached from the material and transported to surface
waters where they can be present in concentrations that are toxic to aquatic life and
humans and that preclude designated uses.

The overall pyrite (FeS,) oxidation prbcess is as follows (Wentz, 1974):

FeS,,+15/40,+7/2H,0=Fe (OH) y(, +250; > +4H"* (2.1)

This reaction is not the only oxidation process but it is the dominant process and
most important for metal mining sites. Ferrous (Fe*?) ions are released and oxidized
to the ferric (Fe*®) ions as the rate-limiting step. The bacterium Thiobacillus
ferroxidans catalyzes the reaction and increases the rate of oxidation by five to six
orders of magnitude (Stumm and Morgan, 1981). The ferric ions hydrolyze forming
relatively insoluble ferric hydroxide [Fe(OH),] precipitate. Sulfate (SO,?) ions and
acidity are also produced in the reaction. The acidity causes the lgaching and

mobilization of metals from the rock material, and results in the predominance of
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metals such as zinc in the dissolved, or bioavailable, form for water transport and
uptake by biota. Other metal ions may adsorb onto or coprecipitate with the ferric
hydroxide. This forms a metal-rich orange coating (known as yellow boy) on rocks
in impacted streams. Other metal sulfides, such as sphalerite (ZnS) and galena
(PbS), will also be oxidized in the process. These reactions also result in the
dissolution of additional metals to the water, but do not result in the formation of
additional net acidity (Wentz, 1974).

24  Hydrology

The hydrology of IAM watersheds is the driving force behind transport of
contaminants from source areas (solid and liquid) to receiving water bodies.
Although the hydrologic characteristics of each IAM are somewhat site~sbecific, some
similarities do exist among many of the sites. Most of these mining sites are located
at high altitudes in mountain environmeﬁts, and many of them are located in
relatively isolated headwaters where the environmental conditions and water quality
are largely controlled by the hydrologic processes within the basin.

Baseflow generally contributes contaminants from point sources such as drahﬁng
adits and shafts. A point source can be considered as any source of contaminants
that is very limited in areal extent and is not diffuse in nature. Concentrations of
metals are usually highest during baseflow conditions when dilution iS minimal
(although the total loading, which is the product of concentration and flow, may be
at a minimum) (Martin and Mills, 1976). Although baseflow conditions may be
somewhat constant and predictable, the overall hydrology of these sites can be
extremely variable in time and space. Snow accumulation and melt in the late spring
generally results in significant seasonality in surface flows and contaminant transport
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to receiving waters. Figure 2.2 is a typical average annual hydrograph from a stream
in the Clear Creek Basin in Colorado where extensive mineral mining has occurred
(CDM, 1990). Because of the nonpoint source nature of many of the solid waste
materials and disturbed areas, storm runoff events also contribute large loadings of
metals to receiving waters during these events. Both snowmelt and storm runoff
cause significant leaching of acids and dissolved metals and erosion (with adsorbed
metals) from solid wastes and transport to receiving waters. Loadings of metals are
generally highest during snowmelt and storm runoff events. However, metals
concentrations are typically lowest during these periods due to dilution (Martin and
Mills, 1976). Although the seasonality of snowmelt runoff can be generally described,
the temporal variability of storm event runoff is more difficult to evaluate. The
spatial variability of snowmelt and storm runoff is also difficult to describe because
of variable snow accumulation and melt fo r different years, and variable storm .
patterns and contributing areas for different years and different storm events.
2.5  Erosion and Sedimentation

Erosion and sediment transport from solid wastes and disturbed areas (such as
access roads or devegetated areas) is a major cause of water pollution at many JAM
sites (Martin and Mills, 1976). The sediment may be a problem in itself by causing
aquatic habitat degradation, but high adsorbed metals concentrations and loadings
are the major problem. These loadings of metals adsorbed to sediment may
represent the primary mechanism of metals loadings to receiving waters at some
sites. Although these adsorbed metals concentrations are not directly harmful to
most aquatic life (except bottom-dwelling macroinvertebrates), they are not as
transient in nature as dissolved metals and may persist in the aquatic environment
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for a longer time due to sediment deposition. The metals may be released to the
water column over time causing chronic impacts to water quality and aquatic life.
Sediment with adsorbed metals deposited on the bottom of stream channels or
impoundments may also be resuépended aﬁd transported downstream during
subsequent high flow events (USEPA, 1975).

Erosibn and sediment transport at a particular site is dependent on the physical
characteristics of the site such as weather, construction method, slope, material
characteristics, and particle size distribution (Martin and Mills, 1976). Particle sizes
of mine waste materials vary from large boulders to fine clays. Waste rock is
particularly variable in size, while tailings particles are generally fine and have a high
erosion and transport potential. The location of tailings particles in alluvial streams
also increases the potential for efosion and transport of these particles. Six basic
types of erosion are generally recognized in watersheds as follows (ASCE, 1985):
sheet and rill erosion
degradation of minor drainageways
gully erosion '
floodplain scour

stream bed degradation
stream bank scour

S =

Sediment transport from upland erosion due to overland flow is defined as wash
load. ‘Sediment transport in streams may be categorized as suspended sediment or

load and bed load. Suspended sediment is composed of finer particles (clays and

silts smaller that approximately 0.65 microns in diameter) that are transported with

flow and are relatively insensitive to flow parameters. Bed load is composed of
coarser particles (sands, cobbles, etc. greater than approximately 0.65 microns in

diameter) that are transported dependent on the energy of the flowing water and that
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roll along the bed (ASCE, 1985).
2.6  Receiving Water Quality Impacts

This section discusses typical receiving water quality impacts from IAMs.
2.6.1 Streams and General Water Quality

Impacts to receiving water quality can vary significantly depending on the
loadings to the receiving water and the physical and chemical ;:ha:acteristics of the
water (Martin and Mills, 1976_). The alkalinity and buffering capacity. of the water
is very important in determining impacts from AMD. Alkalinity is the ability of
water to neutralize acid. In natural surface waters, bicarbonate and carbonate are
the principal sources of alkalinity. These anions are believed to be released into
surface waters through the dissolution of minerals such as limestone and feldspar
(Stumm and Morgan, 1981). Carbon dioxide from the atmosphere readily dissolves
in water forming carbonic acid. The degree of carbonation along with the reaction
with calcareous materials determines the basic buffering system of natural waters.
If the acidity added to the system from AMD is greater than the buffering capacity,
the pH of the water will decrease to a lower equilibrium value. Downstream in a
particular water body, the low pH water will join other inflowing buffered
(unimpacted) water resulting in the eventual restoration of neutral conditions.
Therefore the length of the stream with a low pH is a function of the following
(Martin and 'Mills, 1976):
1. AMD reaching the stream
2. buffering capacity of upstream water
3. buffering capacity of downstream water entering the stream

Sulfate and/or iron concentrations are sometimes used as indicators of acidity

potential of water, although the relationships are typically non-linear (Martin and
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Mills, 1976; CDM, 1990).

The chemistry of metals in natural waters and in waters impacted from mine
drainage is complex. Reduction of dissolved metals concentrations in surface waters
can result from dilution, precipitation, adsorption, uptake by biota, and loss to
groundwater. Metals can exist in solution as ionic species or organic and inorganic
complexes. Metal cations in water exist in a hydrated state forming aquo complexes
(Stumm and Morgan, 1981). The pH of the solution, the concentration of the
specific cation and other metal species piésent, and the redox potential all determine
the exact form of the complex. Organic and inorganic metal complexes may or may
not be in an ionic form. Metal ions may also complex with ligands to form complex
molecules. Wentz (1974) states that metals can be:

1. adsorbed onto solids including colloids
2. contained in coatings on sediment grains (precipitates and coprecipitates)
3. taken up by biota

4. incorporated in crystalline structures and complexed with organics not in
solution (chelation)

The effects of these phenomena on metal mobility is unclear. It is believed that the
ﬁost mobile fraction of the total metal load in streams is the dissolved fraction. The
dissolved fraction is dependent on the oxidation-reduction potential (E,) and pH of
the water (Moran and Wentz, 1974). |

Jenne (1968) states that the sorption of metals in water is a function of the
following féctors:
concentration of the metal in question
concentrations of other metals in solution

pH _
quantity and strength of organic chelates and complex ion form present

el S

19



5. amount and type of organic matter
6. amount and type of clay
7. carbonates
8. precipitation as oxides and hydroxides
2.6.2 - Impairment of Beneficial Uses
This section describes typical types of impairment of beneficial uses of receiving
waters.
2.6.2.1 Aquatic Life Impacts

The metals associated with mine drainage are naturally occurring in water at low
concentrations. In mining districts, many of these metals occur naturally as ores with
high concentrations and may therefore occur at higher, even toxic, concentrations in
water natur.ally. Most trace metals are essential to life in small amounts. Others,
such as arsenic and cédmium, have no known biological function. All trace metals
can be toxic at high enough concentrations, but the "toxicity" of a metal is actua.lly.
a relative term. The foxic effects of a metal may range from slight. discbmfort to
death. Toxic effects may also be chronic (long-term) or acute (short-term), and most
aquatic life standards are categorized as such. Most metals that compose a mixture
in an effluent or a stream will exhibit either antagonistic or synergistic toxic effects.
Toxic effects also vary considerably between species and during different stages of
the life cycle for a given specie (Martin and Mills, 1976).

The toxic effects of metals to aquatic life can vary from decreased species
diversity to complete sterility in a particular stream segment. Sediment and |
precipitates can impact aquatic life in addition to high metals concentrations and low
pH. Benthic maéroinvertebrates are relatively immobile and, consequently, cannot

quickly avoid environmental stresses and adverse impacts to their immediate
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environment. Changes in macroinvertebrate community structure, therefore, tend to
reflect long-terﬁl changes in the environment. The effects of metals on fish depend
on the species, size, age, and physiological condition of the individual fish. Some fish
can adapt to changing or somewhat toxic conditions while others cannot. An
individual fish may not be affected by metals while the population of fishes may be
impacted because of effects on the food base. Hardness is generally believed to be
antagonistic to the toxicity of most metals to fish because dissolved metals can form
complex compounds with carbonate (Martin and Mills, 1976). Standards for
dissolved metals are often developed based on associated hardness values. However,
alkalinity is also antagonistic to the toxicity of metals for the same reason and may
be more important than hardness in reducing the toxicity of metals (Davies, Colorado
Division of Wildlife, personal communication, 1993). The characteristics and toxic
effects of specific metals of concern from mining activities may be found in Martin
and Mills (1976) and Ridolfi (1991) as well as other references.

2.6.2.2 Municipal, Agricultural, and Industrial Use Impacts

High concentrations of metals in surface waters may impair municipal,

~ agricultural, and industrial uses. Wildlife and domestic grazing animals typically

drink from surface water and may ingest toxic levels of metals in both dissolved and
suspended form. Irrigation of crops may also use contaminated surface water that
may result in toxic lévels of metals in sensitive plant species. This could inhibit plant
growth and cause local economic problems in certain agricultural areas affected by
IAMs. These crops are also intended for amimal and/or human consumption.
Municipal potable and industrial water supplies derived from contaminated surface
waters may not have metals removed to an acceptable degree with standard
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treatment methods. Therefore, metals are either’passed through the system to the
consumer or the industrial process or more complex and expensive treatment
technologies must be incorporated into the system to remove the metals to
acceptable levels.
2623 Recreational Use Impacts

Many IAMs are located in areas that are heavily used by people for recreétional
purposes including fishing, swimming, boating, hiking, camping, hunting, off road
vehicle use, etc. Some of these recreational uses of water are impaired directly by
metals pollution and general water quality degradation. Fishing, swimming, and
boating are examples of these uses that may be prohibited in impacted surface
waters. Other non-water recreational uses, such as hiking and camping, may not
necessarily be prohibited but may be impaired due to dangerous conditions (open
shafts and adits) and degréded aesthetics. People may seek more pristine areas for
these types of activities. There are related socioeconomic impacts to local
communities due to these recreational use impairments. Conversely, some historic
mining districts attract many visitors (especially off road vehicle users) primarily due
to the attraction of the historic abandoned mining sites. The Upper Animas River
Basin and the Silverton area in Colorado is a prime example of this type of
attraction.
27  Aesthetic Impacts

Related to the recreational use impacts because many IAMs~are located in areas
that are mountainous and scenic, impacts to the aesthetics of an area may be
signiﬁéant. Although historic structures such as mine shafts, mills, and cabins are not
necessarily problematic, large tailings ponds, waste rock, eroded and devegetated
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areas, precipitates in streams, and streams devoid of natural aquatic life may pose
severe aesthetic problems at some sites. This is especially true in large mining
districts were there may be hundreds of such problems within a relatively small area.
The problem is even more noticeable in the many scenic natural areas where mining
has typically occurred. Again, these aesthetic problems may also have adverse
socioeconomic impacts to an area or community where tourism is the major
economic component, such as in the Upper Animas River Basin. .
2.8  Socioeconomic and Other Impacts

Impairments to designated beneficial uses of water and other impairments have
socioeconomic and other impacts to an area or community that has IAMs in the
vicinity. If municipal or agricultural uses are impaired, some types of economic
development, such as urban growth, may be precluded without expensive water
treatment systems. Impairment of aquatic life may inhibit ﬁshing and associated
recreational uses that typically may be the primary source of income in a given area.
Impairment of recreational uses and aesthetics may also have adverse effects on
tourism and the economic well-being of an -area with multiple IAMs and severe

environmental impacts.
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3.0 EXISTING ASSESSMENT ME’I"HODS FOR INACTIVE AND
ABANDONED MINES

A wide variety of IAM and related monitoring and assessment efforts have been
undertaken or proposed by a number of federal and state agencies under the
auspices of several management goals and regulator-y.drivers. These efforts hgve had
some elements in coﬁmon but generally vary considerably in their purpose and
scope.- Others have also performed studies or proposed methods related to IAM
monitoring and assessment.
3.1 Federal Regulations Requiring Assessment

CERCLA (or Superfund) of 1980, as amended by the Superfund Amendments
and Reauthorization Act (SARA) of 1986, is currently addressing 51 IAMs that are
listed on the National Priorities List (NPL), which includes over 1,200 hazardous
waste sites. CERCLA also requires all federal land management agenci.es to
inventory potential hazardous waste sites (including IAMs) within their jurisdiction
to include in the computerized Comprehensive Environmental Response,
Compensation, and Liability Information System (CERCLIS) (Walline, USEPA,
personal communication, 1993; USEPA, 1991b). Preliminary Assessments (PAs) are
required for all of these sites (USEPA, 1991b). However, no actual field samples are
generally collected or analyzed for this first phase of the CERCLA process. This
phase is usually based entirely on the use of preexisting field data in conjunction with

site reconnaissance. If the PA indicates potentially severe problems at a site, a Site
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Inspection (SI) must be performed (USEPA, 1992a). This screening phase usually
includes the collection of a minimal number of waste and environmental samples.
Historically, about three out of five sites that undergo a PA require an SI. Based on
the results of the SI, the site is ranked with respect to its potential human health and
environmental hazards according to the CERCLA Hazard Ranking System (HRS).

If the site scores high enough using the HRS (28.5 or greater), it is eligible to be

" placed on the NPL. Historically, only about one out of 20 sites that undergo a PA

warrant placement on the NPL. Most of the NPL mining sites are relatively complex
or large, are currently causing severe impacts to the environment, and/or are located
upstream of or near population centers or water supplies. The Clear Creek/Central
City (CDM, 1990), Eagle Mine (Engineering-Science, 1985), and California Gulch
(USEPA, 1987b) sites in Colorado, and the Silver Bow Creek/Butte Area and
Anaconda Smelter sites (Brown et al,, 1991) in Montana are prime examples of
Superfund IAMs. As part of the CERCLA process, these sites undergo a complete
and comprehensive remedial investigation (RI) and feasibility study (FS) prior to
remediation (USEPA, 1988a). A risk assessment is also required and is an integral
component of the RI/FS and remediation process. Typically resources (timé and
money) are not limited when assessing these sites under CERCLA, and the process
usually takes at least several years prior to the implementation of remedial actions
due to the complex nature of the sites and the CERCLA process. However, most
IAMs under CERCLA have a lower priority for remediation relative to other types
of hazardous waste sites (such as many industrial sites). In addition, CERCLA has
been identified as one of the primary obstacles to remediating non-Superfund JAMs
because of potential future liability concerns (WGA, 1991). Monitoring and data
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analysis methods for Superfund remedial investigations and risk assessments are not

prescribed in detail, but general approaches are recommended (USEPA, 1988a,

1988b). Methods used to assess surface waters at CERCLA mining sites typically

involve the following:

° fairly extensive (spatially intensive) synoptic-type flow and water quality
(chemical, biological, and sediment) monitoring during important flow regimes

(low flow, high flow, and/or storm events) over one, two, or more years

° sampling of waste materials to determine concentrations of contaminants in
potential source areas, and estimation of volumes or areas of waste material

° minimal summary statistical analysis of field data including determining
- frequencies of contaminant concentrations exceeding analytical detection

limits or Applicable or Relevant and Appropriate Requirements (ARARs) to
determine exposure concentrations for the risk assessment

o mass balances of contaminant loadings and plots of loadings and
concentrations from field data versus distance in major streams to evaluate

potential source areas and loss areas

Some type of modeling is also usually employed at these sites in conjunction with
monitoring data to aid in the estimation of loadings to and/or concentrations in
receiving waters. This may include fairly simple empirical or analytical techniques,
such as using the Universal Soil Loss Equation (USLE) for sediment and adsorbed
metals loadings (CDM, 1990; USEPA, 1988b), but usually includes relatively
comprehensive, complex, data intensive, and costly deterministic hydrologic and
geochemical modeling (CDM, 1990; Brown et al., 1991).

The Resource Conservation and Recovery Act (RCRA) of 1976 addresses a few
active mining sites and facilities that generate, store, or treat hazardéus waste (WGA,
1991). As such, RCRA may only address some IAM waste that might be directly

associated with active mine sites. There are very few of these types of sites.

26



SMCRA generally addresses only coal mines. Inactive coal mine reclamation is
the focus of an aggressive Abandoned Mine Lanq (AML) program as part of
SMCRA (WGA, 1991). Some noncoz_ﬂ IAM problems can be addressed with AML
funds, but only in coal-producing states and most of these reclamation efforts are
geared towards public safety problems and hazards as in the case of Wyoming
(WGA, 1991). |

The Uranium Mill Tailings Reclamation and Contr_ol Act (UMTRCA) only
addresses remediation of inactive uranium mill tailings sites (WGA, 1991).
Therefore, UMTRCA may only address some IAMs that might be directly associated
with UMTRCA sites. Very few JAMs contain this type of waste.

The Clean Water Act (CWA) of 1972 and as amended by the Water Qualify
Act of 1987 provides for a demonstration grant program for controlling NPS
pollution (Section 319) that may address some IAMs (WGA, 1991). For example,
the Colorado Department of Public Health and Environment (CDPHE) Water
Quality Control Division is currently implementing an NPS pollution control
demonstration project in the Upper Animas River Basin in southwestern Colorado
(CDPHE, 1992a, 1993a). The project is in the initial stages of assessment of the
sources and quantities of metals loadings to specific stream segments. However,
appropriations from Congress for such demonstration programs have been much less
than authorizations to date. Therefore, states have not been able to fund many of
the proposed projects.

The new stormwater regulations under the CWA are anticipated to eventually
address many, if not the majority, of IAMs (Berry, USEPA, personal communication,
1993; WGA, 1991). However, these regulations are still evolving and have not been
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implemented at IAMs to date. Although water quality standards are nof imposed by
the regulations, the intent of the regulations is to regulate or permit discharges from
all storm-generated runoff (including snowmelt runoff) from point sources (not NPSs)
and to control or remediate any and all potential sources of contamination to
receiving waters. Theéretically, this could épply to most IAMs. Depending on the
exact definition of point sources 'Versus NPSs and the reference location, however,
point sources are sometimes indistinguishable from NPSs. It is not clear, therefore,
exactly what will be regulated at IAMs. The regulations will not necessarily apply
to groundwater or baseflow pollution problems, or existing environmental damage
in the basin or receiving waters. In addition, the large majority of the sites will
require only general permits where no monitoring is actuélly required. Stormwater
management plans must be submitted by the IAM responsible party that must be
approved by the regulating agency. These plans must identify potential sources of
contamination and good-faith measures to remediate these problems. The regulating
agéncy has the authority to inspect the sites to ensure that the management plan is

correct and that these measures are being implemented. However, state agencies

~and USEPA do not currently have the resources to perform this task for the large

majority of sites. With no monitoring required or inspections performed at most
IAM sites, it is very unlikely that any remediation will actually be implemented. The
other major problem with the application of the new stormwater regulations to IAM
sites is the complex question of land ownership of and responsibﬂitiés for sites.
Because most of these sites are abandoned with complex ownership histories and
little documentation, the responsibility for compliance is very unclear and the
resources required to investigate ownership and take legal action for compliance
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would be significant.

For sites that will require group or individual permits, storm water monitoring

will be required as part of the application process and on an annual basis thereafter.

The methods are prescribed in USEPA (1992b) and include the following for

industrial (mining) sites:.

Monitor at least one representative storm event that occurs during normal

operating procedures.

- depth of storm must be greater than 0.1 inch accumulation

- storm must be preceded by at least 72 hours of dry weather

- depth of rain and duration of event should preferably not vary by more
than 50% from the average depth and duration

Grab samples must be collected during the first 30 minutes of discharge.

Flow-weighted composite samples must be collected during the first three
hours of discharge (or the entire discharge, if it is less than three hours).

‘Monitoring must be performed at all point sources (outfalls). However, if

several outfalls have "substantially identical effluents”, only one of the
identical outfalls must be monitored.

Manual or automatic sampling may be employed.

Flowrate during the sampling must be monitored, and total flow volume
during the event must be estimated, but a variety of methods may be used.

Rainfall amount and intensity must also be measured.

Analytes are prescribed by the USEPA guidance document.

Decontamination and sample handling, preservation, documentation,
identification, labeling, packaging, shipping, and chain-of-custody procedures

are prescribed.

Water quality standards for receiving waters are typically developed by the states

based on federal (USEPA) criteria and guidance (USEPA, 1983; CDH, 1991a).

These standards are either narrative or numeric for protection of designated

beneficial uses for specific stream segments. Delineation of stream segments is

usually based on similar physical and water quality characteristics and uses within
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receiving waters in a specific watershed or subbasin (USEPA, 1983). Designated
beneficial use classifications are determined based on historical and current uses, and
in many cases a use attainability analysis involving a water body survey and
assessment. The purpose of a use attainability analysis is to determine if an aquatic
life protection use is attainable for a given water body by examining the physical,
chemical, and biological factors that may allow or preclude that use (USEPA, 1983).
For aquatic life uses, chronic and acute standards are usually derived (this is
discussed further below). The CWA also has an antidegradation policy that generally
prohibits the degradation of water quality for a particular use or the downgrading of
ause classification except under special specific circumstances (USEPA, 1983, 1991c).

Water quality-based effluent limitations (WQBELs) and total maximum daily
loads (TMDLs) have been applied to the permitting and regulation of point source
discharges to surface waters for several years as part of the waste load allocation
(WLA) process, and more recently have been applied to the control of toxic
substances (USEPA, 1991c; CDH, 1991b). They are typically appliea to \&ater
quality-limited segments of water bodies for which technology-based effluent
limitations (TBELs) of point discharges are not adequate to attain the designated
beneficial uses of the receiving water. The TMDL/WLA process usually involves the
application of mathematical models to predict the concentrations of contaminants in
receiving waters based on known or future loadings. These concentrations are
compared to standards to determine maximum acceptable concentrations to maintain
the designated use and then corresponding acceptable loadings are allocated to the
point discharges (Ambrose et al., 1988). A mass-balance dilution equation forms the
basis for most computations using low-flow minimum dilution chronic and acute
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criteria. These design flow criteria are typically known as 30-E-3 flow for chronic
standards (empirically based average 30-day low flow with an average 1 in 3 year
recurrence interval) and 1-E-3 flow for acute standards (empirically based 1-day low

flow with an average 1 in 3 year recurrence interval). This biologically based method

- uses a 3-year recurrence interval because it is believed that this period provides

adequate time for aquatic life to recover between concentration excursion events
(CDH, 1.992b).' Seasonal TMDLs/WLAs may also be computed and used if
significant seasonality in flows or effluents can be demonstrated. The modeling may
involve either steady-state or dynamic modeling (USEPA, 1991c; Limno-Tech, 1985).
Steady state modeling (1) does not consider the frequency and duration of
concentrations above water quality standards, (2) does not include instream
processes, and (3) only considers a single environmental condition for a single
discharge at a single design specification. Alternatively, dynamic modeling explicitly
considers the frequency and duration of exposure by considering variable flows
and/or variable effluent loadings/concentrations and deriving a probability
(frequency) distribution of instream concentrations. Kinetic interactions are als_o.
considered and are generally assurﬁed to be first order losses. Three alternative
procedures included in dynamic modeling are (1) continuous simulation, (2) Monte
Carlo simulation, aﬂd (3) lognormal analysis (USEPA, 1991c; Limno-Tech, 1985).
The continuous simulation methodology is generally more complex and data intensive
than the other two methods.

The TMDL/WLA methodology has also been proposed by environmental groups,

USEPA Region X, and others for controlling NPS pollution and has recently been

used for several of these situations (USEPA, 1991c; Griffen et al., 1991) (WLAs are
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known as.load allocations [LAs] for NPS applications). However, its usefulness and
appropriateness for NPS loadings is under debate. The first application of TMDLs
for NPS pollution control was for the Tualatin River in Oregon (Griffen et al., 1991).
More recently, it was used for the South Fork Salmon River in Idaho, and is
currently being used for the Coeur d’Alene River Basir_l in Idaho, a large basin with
multiple IAM sites and metals loadings and pollution problems (Mink and Murrey,
1992). Most of these NPS TMDL applications involve a fairly large and heavily used
receiving water body. For the Coeur d’Alené River Basin, best management practice
(BMP) projects are allocated using the TMDL abproach'to reduce loadings to Coeur
d’Alene Lake, instead of effluent loads from treatment facilities being allocated as
is done for point source pollution situations (Harvey, IDEQ, personal
communication, 1993). The debaté surrounding TMDLs focuses on the
appropriateness of using daily load appropriations fof NPS pollution that is typically
generated as a result of intermittent, highly variable storm runoff or seasonal
snowmelt runoff events. Variations of the TMDL approach to account for these
significant differences have therefore been proposed for NPS pollution regulation
(Griffen et al., 1991). In general, however, non-regulatory and voluntary control of
NPS pollution has been preferred over regulatory control programs (CDH, 1991b;
Foran et al., 1991).
3.2  Other Federal Agency Assessment Methods

Several guidance documents were prepared by USEPA during the 1970s to assess
and/or abate water pollution problems from mining sites. USEPA (1975) presents
criteria for developing state pollution abatement programs for inactive and
abandoned mine sites of all types. This guidénce focuses on all administrative,
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socioeconomic, and technical aspects of developing programs, with an emphasis on

inventorying and mapping of sites using a watershed-based approach. For data

collection, many general options are presented that can be used depending on the

complexities and severity of contamination problems in the watershed, the level of

detail required, and the resources available to the state agency. However, the

following recommendations are presented for hydrologic and water quality analyses:

Watersheds and subbasins should be delineated on a topographic map and
based on field reconnaissance.

Grab samples with flow measurements should be collected at a large number
of sites employing modular, repetitive, and point source sampling schemes.

Modular sampling is performed once or twice to define areas of significant
contamination as well as marginal and uncontaminated areas. Repetitive.
sampling is performed at strategic locations to enable periodic assessment of
flow and water quality over time. For point source sampling, each potential
pollution source and tributary to the main stem is sampled once or twice to
isolate pollution sources.

Prioritization of abatement projects based on watersheds, subbasins, or types
of sources using both technical and socioeconomic factors is critical to

successful programs. High priority projects will generally be those with either
the best cost effectiveness or the greatest predicted downstream water quality
improvement.

USEPA (1977) is guidance for water quality management for mine-related pollution

sources in relation to the CWA 208 Water Quality Management Program. This

guidance emphasizes the CWA areawide approach for identifying, assessing, and

controlling mining pollution sources and recommends the following:

Maximum use should be made of existing water quality data; emphasis on new
data acquisition should be placed on improved monitoring in support or

ongoing regulatory and abatement programs rather than on monitoring as a

- part of problem assessment studies.

A stream-to-source approach using adequate existing water quality data when
all sources are not known should be used.

Assessment must incorporate both chemical and biological information.
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° In some cases, quantitative impact .description must be performed using
pollutant load modeling. This may involve empirical methods such as the

USLE or various loading functions, stochastic methods, deterministic methods,
or simulation methods. These methods are more reliable for larger
watersheds with multiple sources.

L Assessment should include estimates of loadings and receiving water quality
impacts at both high and low flows.

o Comparisons should be made between mine and non-mine sources and
between subcategories of mine sources.

° Estimates of loadings and impacts from abandoned mines are better suited to
the modeling approach than are estimates from active mines because active

mines are more dynamic so abandoned mines are easier to model.
Other work sponsored by USEPA was performed for specific mine sites or types
of mines. The Montana Departmént of Natural Resources and Conservation (1977)
prepared a feasibility study for mine dfainage control from metal mines in a

subalpine environment. Cox et al. (1979) developed methods usmg modeling and

high frequency monitoring to assess aquatic impacts from coal strip mine drainage

in the eastern U.S. Ridolfi (1991) evaluated the distribution of heavy metal loadings
to the South Fork Coeur d’Alene River in northern Idaho using a-mass balance
approach.

The Office of Technology Assessment (OTA) (1986) also developed some
general guidance for permitting and reclamation of western surface mines thét
emphasized cumulative hydrologic impact assessments (CHIAs). The document

states that surface water baseline studies should include the following:

o detailed location of all surface water features

o streamflow quantity data, including seasonal and annual variations, floods, and
low flows

e  streamflow quality data, including physical and chemical characteristics and

the relationship between discharge and quality
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] quantification of physical watershed parameters
° description of climatic characteristics
L description of surface water uses

States may prescribe specific baseline monitoring requirements. In general, a
minimum of one year of baseline data is required and continuous recording gages or
quantification of maximum, minimum, and average flow conditions are required for
perennial and intermittent streams, while crest staff gages may be required for
ephemeral streams. For water quality data, either monthly or quarterly monitoring
is required for perennial and intermittent streams, while snowmelt and storm
monitoring may be required for ephemeral streams (OTA, 1986). For prediction of
hydrologic impacts, OTA suggests the Log-Pearson Type III distribution method for
gaged sites with many years of data, and statistical models based on multiple
regressioh equations using basin characteristics or deterministic models that may be
based on the SCS curve number method for ungaged sites. The USLE is also
recommended for predicting erosion and total suspended solids (TSS) concentrations.
The limiting factor for most CHIAs is the availability of reliable monitoring data for
model input and calibration.

More recently, USEPA has created a small Mining Waste group within the Water
Management Division in Region VIII. This group provides expertise in mining waste
issues to all USEPA regions (Walline, USEPA, personal communication, 1993).

Most of the work performed by the Mining Waste group is in regard to operational

 mines and permitting and planning for new mines. They are not directly responsible

for the assessment and remediation of IAMs, however, except when involved with

inactive mining sites being investigated and remediated under CERCLA or active
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sites under RCRA. The Water Management Division also gets involved with
assessment of IAMs to a limited degree with regard to implementation of and
compliance with the new stormwater regulations and National Pollutant Discharge
Elimination System (NPDES) permitting and compiiance under the CWA for active
sites that may also have IAMs associated with them.

Willingham and Medine (1992) recommended a comprehensive Water Quality
Assessment Methodology that is being implemented in the Arkansas River Basiﬁ,
Colorado, by USEPA to address water quality and resource use impairment from the
Pueblo Reservoir to the headwaters, emphasizing protection of aquatic life uses.
This area is known as the Upper Arkansas River Basin and has been heavily
impacted by historic mining activity. They describe six essential steps in a
multidisciplinary basin approach to assessment and cléanu_p:

Define environmental system and general statement of goals
Data compilation
Environmental monitoring program

Describe environmental quality

Assess potentially attainable or undisturbed conditions (then re-evaluate
goals)

Link contaminant dynamics to receptor exposure and resource use constraints
Resource restoration - assessment and control process implementation
Goals attained - maintenance monitoring

NHEWOD =

PN

The approach used for the Upper Arkansas River Basin is comprehensive and
includes simulation modeling and long-term monitoring to assess the basin. This
seems to be a good assessment framework when resources are not very limited for
large complex mining sites where long-term assessment will definitely be required.

USEPA has also issued guidance and sponsored research regarding a variety of
quantitative and statistical methods for monitoring and assessment of differént types
of water qufility problems. Some components of these methods may be appropriate
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for IAM monitoring and assessment. USEPA sponsored a series of guidance
documents for design of routine water quality surveillance and data acquisition
systems using quantitative methods and a systems approach for pollution prevention
and abatement objectives. These studies emphasized the need for clear definition
of goals and objectives, the determination of sampling frequencies and locations
required for decision-making with a desirable degree of confidence in results, and
comparisons between grab sampling, automatic sampling, and remote sensing (NUS
Corporation, 1970; Beckers et al., 1972; Ward 1973). Grab sampling was generally
believed to be the most cost-effective method for most applications. Loftis and Ward
(1979) discussed staﬁstical and economic considerations in regulatory water quality
monitoring networks, with an emphasis on determining sampling frequencies required
for desired confidence intervals (ClIs) about. the geometric mean of the data
considering seasonal variation and seasonal correlation.

With regard to general NPS pollution and stormwater monitoring and assessment, .
USEPA has performed much work on developing methodologies for the study of
storm generated pollution including sampliﬁg, monitoring, and empirical analysis
methods for urban watersheds (Wullschleger et al., 1976); empirical loading functions
(McElroy et al, 1976); a mass balance procedure based on the USLE (Betz
Environmental Engineers, 1977); probability distributions of precipitation and related
runoff and pollutant loads (Hydroscience, 1979); probability sampling (Humenik et
al., 1980); and frequency analysis (Olsen and Wise, 1982). USEPA also performed
an investigation of NPS monitoring procedures used in western arid regions using
autoﬁatic sampling and physical, chemical, and biological monitoring techniques in
the White River, Utah, Oil Shale area (Kinney et al., 1982). The research concluded:
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o NPS monitoring should include physical, chemical, and biological components,
including flow, in an integrated fashion.

® ' Sampling frequencies should be maximized during periods of maximum
variability in water quality.

® Sources of input, including tributaries, are primary factors to consider in
determining the distribution of sampling sites. '

L Automatic samplers do not perform well during freezing and thawing

conditions.
® Biological monitoring should be performed at least on a seasonal basis.

Mills et al. (1985) present some useful empirical and analytical methods
recommended by USEPA for estimating NPS pollution loads from a wide variety of
types of sources, including rural lands, as well as methods for estimatiné
concentrations in receiving waters. USEPA has developed a NPS monitoring and
evaluation guide that is a compilation of the lessons learned from various nonpoint
source programs to date (Dressing, 1987). This includes goals and objectives, water
resource considerations, data needs, monitoring recommendations, and daté analysis.
Donigan and Huber (1991) review many empirical methods, as well as statistical and
simulation methods, for eétirnating NPS pollution in both urban and nonurban areas,
and discuss the required input parameters and rationale for their selection and use.

Over the years, USEPA and others have proposed using a watershed or
ecosystem approach to assessing and remediating NPS pollution problems (USEPA,
1975, 1977, 1991c; Warren, 1979; Lotspeich, 1980). The watershed aﬁproach is also
implied in the CWA by reference to an area-wide approach to pollution control.
This approach focuses primarily on three components:

1. grouping multiple NPSs together into a watershed or basin based on

geographic location and types of sources, receiving water areas, and
environmental problems
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2. identifying all potential sources within a watershed and targeting or
prioritizing these sites for detailed evaluation and remediation because of
limited resources :

3. focusing on ecological receptors and systems being impacted by NPS pollution
as an indicator of overall and long-term (chronic) environmental impacts and
health

The third item leads to the proposition by USEPA of using more biological

monitoring and assessment methods and biocriteria to evaluate ecological impacts

to and health of the watershed or ecosystem (USEPA, 1977, 1983, 1990, 1992c).

Biological monitoring has the significant advantage over chemical monitoring of

being able to provide data for the evaluation of nontransient, long-term impacts to

and health of the system. Chemical-specific water quality data are. generally
representative of the environment at the time they were collected (or shortly

prcceding it), but may not necessarily provide enough information for the evaluation

of chronic problems. Changes in ecological systems revealed with biological

- monitoring, however, such as the presence of fish or macroinvertebrate species and

population and habitat characteri_stics, tend to reflect the long-term impacts from
nonpoint sources of pollution. Therefore, evaluation of the impairment of designated
uses such as aduatic life or fishing, and the violations of water quality standards for
these uses, is critical in the effective assessment of NPS pollution in general and of
IAMs in particular since aquatic life is generally very semnsitive to slightly elevated
metals concentrations. Biological monitoring or biomonitoring may be divided into
two categories: ecological surveys (biosurveys) and toxicity tests (bioassays) (Roop
and Hunsaker, 1985). Ecological surveys may use indicator species and ecological
community attributes and make comparisons between affected and control areas to
indicate the health of a water body relative to pollutant loadings. This is the same
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general type of method used in the use attainability analysis incorporating a water
body assessment discussed previously. Toxicity testing typically uses single indicator
species to determine acute and a variety of chronic effects.

The U.S. Geological Survey (USGS) has developed cc.)mprehensive methods for
the general study and interpretation of chemical characteristics of natural water that
are considered standard practice (Hem, 1985). They present methods to assess
accuracy and precision, .determine ion ratios and water types, perform statistical

treatment, extrapolate water quality data, and use trilinear diagrams and other

.graphical methods. The USGS also maintains large amounts of historical water

quality and hydrologic monitoring informatién through its network of gaging stations
in major rivers and streams across the U.S'. in the database WATSTORE. Averett
(1976) has developed guidelines for the design of data programs and interpretive
projects, primarily for USGS personnel. He emphasizes that data analysis must "tell
a story" with the data in order to generate the informafion required to make effective
decisions.

The U.S. Bureau of Mines (USBM) is currently taking a leading role in
addressing the IAM problem. Much of the expertise is centered in the Spokane,
Washington office where a multidisciplinéry staff is currently working on developing
methods for the inventorying, assessment, and remediation of IAMs, in particulaf the
East Fork Pine Creek Basin, Idaho (USBM, 1993). This basin is part of the larger
South Fork Coeur d’Alene River Basin where historic mining activities have left a
wide variety of waste sites. Other land uses that have adversely impa_cted the waters
of the basin and complicated the problem are forestry and agriculture (Mink and
Murrey, 1992). Downstream water quality problems in Coeur d’Alene Lake is a
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major issue in this area. The East Fork Pine Creek study is a cooperative effort
being performed by USBM, the State of Idaho Department of Environmental Quality
(IDEQ), the U.S. Bureau of Land Management (USBLM), and USEPA. USBM is
studying the East Fork Pine Creek Basin primarily because data gaps exist for this
basin relative to the rest of the South Fork Coeur d’Alene River Basin. The data
collection activities are documented in USBM (1992) and IDEQ (1992). The general.
approach is to first collect as much potentially useable data as possible and then to
determine the data analysis methods after examining the Qata. Therefore, the data
analysis methods are undocuxﬁented at this time. Monitoring is being performed at
over 60 stations for dissolved and total metals, indicator paraméters, and flow. Six
monitoring events have been implemented to date including monitoring during
snowmelt runoff, storm rﬁnoff, and baseflow. Sediment (bed material) sampling for
metals analyses and biological monitoring is being performed at a subset of these
stations. Groundwater and vadose zone water is also being monitored at several
locations. In addition, NPS waste materials are being sampled for geotechnical and
chemical analyses.

The U.S. Forest Service (USFS) is actively assessing IAMs within the National
Forest System. Their focus is the assessment and remediation of environmental and
water quality impacts caused by these sites (USFS, 1993; Schmidt, USFS, personal
communication, 1993). Under the Federal Facilities Compliance Act and CERCLA
(CERCLIS), USFS is required to inventory all potential hazardous waste sites on
USFS land. Some of the more serious-sites will then undergo the PA and SI process
to assess sites with regard to inclusion on the NPL (Schmidt, USFS, personal
communication, 1993). Ponce has reviewed and summarized water quality data
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analysis methods (1980a) and water quality monitoring programs (1980b) for USFS.
The U.S. National Park Service (USNPS) began its inventory of IAMs because -

of previous lawsuits and concern regarding future liability. Most of its efforts have

been directed towards remediating safety problems. Environmental problems are not

as much of a concern on lands administered by NPS (WGA, 1991).
3.3  State Agency Assessment Methods

The IAM inventorying and assessment approaches taken by each of the state
regulatory agencies are not consistent, and the manage;llent and information goals
of each different agency within a given state vary. Some states have been addressing
the TAM problem for many years while others have basically not addressed the
problem at all. For example, Wyoming is a large coal-producing state and as such,
has a complete inventory of its coal and noncoal IAMs (WGA, 1991). Although
Wyoming estimates that only approximately 15% of its IAMs remain to be
remediafed, most of the JAM problems in the state are public health and safety
problems due to open shafts and adits. Colorado and Montana have also spent
considerable funds on IAM inventories and therefore have fairly complete
information. Other states, such as New Mexico and Utah, are only now starting to
inventory their JAMs and associated water quality problems, and many of these states
use historical mining data from USBM, USGS, and other national sources and data
bases as a starting point. The methods used for inventorying, as well as the quality
and quantity of the data collected, vary considerably from state to state. In some
states, several water quality samples are collected and analyzed to provide a
screening-level characterization of the water quality problems. Areas or volumes of
source waste materials may also be estimated, as well as waste samples collected.
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Other states have not located all of the sites to date. Only seven state§ throughout
the U.S. have performed noncoal field inventories because most states do not have
funds to adequately inventory JAMs (WGA, 1991). The inventorying costs can be
as high as over one million dollars in states such as Idaho and Montana. However,
field data are critical to achieving the desired level of confidence in the inventorying
and assessment process and in prioritizing sites for cleanup.

CDPHE Water Quality Control Division is implementing a NPS
demonstration program in the Upper Animas River Basin (above Silverton) in the
San Juan Mountains of southwestern Colorado as part of a grant received from
USEPA under Section 319 of the CWA. This basin was heavily mined for metals
over the last century and water quality has been impacted significantly in many
locations of the basin. CDPHE has prepared two pl_anm'ng documents for the study
and is in the initial stages of assessing the .water quality problems in the basin
(CDPHE, 1992a, 1993a). The primary objective of the study is to locate and
estimate the magnitudes of potential metals loadings to the main stream segments.
Several sécondary reasons have been identified for implementiﬁg this assessment in
the Upper Animas River Basin (Harvey, CDPHE, personal communication, 1993):

° Little data have been collected in the Upper Animas River Basin relative to
other basins and IAM sites within the state. Part of the reason for this may
be the relatively isolated location of the basin with regard to population
centers in the state. The study was implemented to fill in this data gap.

o Some observers believe that the water quality of the basin is degraded by
naturally-occurring high concentrations of metals in ores, and that the basin

and water quality cannot be remediated because of the naturally-occurring
metals and the severe impacts from extensive past mining. The study was
implemented to determine if these hypotheses were true.

o Initial funds for monitoring and assessment were provided by USEPA. If
these funds were not available, the study might not have been implemented.
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This study has taken a synoptic approach to monitoring many sites throughout
the basin in a spatially intensive fashion to collect samples at locations in the
mainstem an(i main tributaries, draining known point sources and NPSs, bracketing
known or suspected NPS areas, bracketing main tributaries, and in background areaé.
To date, four monitoring events have been implemented: one during spring snowmelt
(June, 1991), one during a summer storm (September, 1991), one during baseflow
(October, 1992), and one during the tail end of snowmelt (July, 1993). Analytes
include dissolved and total metals, indiéator parameters, and flow. Biological
monitoring is also being performed at a subset of the monitoring stations at key
locations. Sediment has not been monitored to date. A mass balance approach, also
termed a NPS reach gain/loss analysis, is being used to assess potential metals
loadings to and losses from the system. There is no statistical design or basis for the
study. However, the potential or theoretical measurement variability or error of
instantaneous flow measurements and of metals analyses of grab samples is being
considered in the assessment process (CDPHE, 1993a).

Another good example of a state agency IAM assessment methodology is the
IDEQ study of the Coeur d’Alene River Basin being coordinated with USBM,
USBLM, and USEPA. As discussed previously, this basin, especially the South Fork
Coeur d’Alene River Basin, has been heavily impacted by past metal mining activities
as well as by forestry and agricultural activities. In conjunction with USBM, the
agency is focusing monitoring and assessment efforts on the East Fork Pine Creek
Basin where data gaps have been noted. A general monitoring plan has been
prepared by IDEQ (1992) for the study. IDEQ is using a general TMDL/WLA
approach to assess point source and NPS contaminant loadings and instream
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coﬂcentrations and to allocate BMP projects to NPS areas to reduce loadings to
Coeur d’Alene Lake to acceptable levels. The specific data analysis methodology
used by the state is undocumented at this time.

The states have developed designated beneficial use classifications and associated
narrative and numeric water quality standards for specific segments of water bodies
based on USEPA requirements and guidance (USEPA, 1983; CDPHE, 1991a). The
monitoring and assessment methodologies for determining ﬁthese standards and uses
are being met vary from state to state and depend on which regulatory program the
assessment is being conducted for. Except for use classification, standards
development, and a few other specific programs for which USEPA provides required
monitoring and analysis procedures (such as stormwater or NPDES permitting and
compliance requirements), few detailed state guidelines or documentation exist on
specific monitoring or data analysis methods.

For the designated beneficial use classification and standards development
process for Colorado, 15 or more samples collected routinely or randomly over a year
or more period is considered sufficient, and the data should be representative of the
segment as a whole (CDPHE, 1992b). Although sampling multiple sites on the

mainstem is recommended, sampling tributaries is acceptable if the intention is to

determine if the tributary is similar to or different from the mainstem in terms of

water quality characteristics. For segments for which insufficient data are available
for classification or development of standards, federal table value standards (TVSs)
may be used, or additional data must be collected if TVSs are not deemed
applicable. Percentiles are calculated fdr all data used for a given stream segment
to determine ambient conditions and standards. If the computed ambient quality
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that is used for the stream standard exceeds TVSs, the data must represent natural
or uncontrollable anthropogenic conditions. For dissolved metals, the 85th percentile
of the available data defines the ambient level and standard, and for total or total
recoverable metals, the 50th percentile is used. These data are used for chronic
standards. For acute standards, the TVS must be used unless site-specific criteria are
developed based on toxicity tests. Where adequate flow-hardness data are collected
to perform a regression analysis, metals standards based on hardness are computed
using the hardness associated with the lower 95 percent confidence limit of the mean
hardness value at the low-flow criterion. Alternatively, where there is inadequate
flow-hardness data, standards may be computed using either the mean hardness for
the segment or representative regional hardness data where segment-specific
hardness data are lacking.
34  Other Assessment Efforts

This section discusses additional, related monitoring and assessment efforts and
studies conducted by others outside of the federal and state agencies and that are
part of general areas of study or application that are not necessarily required by any
regulations. Some of these general methods, however, do overlap or are
incorporated into some of the regulatory requirements. Some of these methods have
also been used at IAM or other mining sites. These approaches might be applicable
to or useful for the assessment of NPS pollution from IAMs.
34.1 Information Systems

The design of a water quality monitoring system and assessment methodology for
IAM sites that serves as an effective information system is a concept that may be
applied to best make use of limited resources. The information system approach,
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which involves clearly defining information goals as an integral element of the design
of the monitoring program and efficiently converting "data’ into requiréd
"information", has been discussed by Ward et al. (1990) for a wide variety of types
of water quality monitoring programs. Related to the information system approach,
Ward also discussed a "systems" approach to monitoring for effective water quality
management (1979). One of the most important features of these approaches is the
clear identification of management goals and specific information objectives for
reaching those goals. Ward et al. (1990) also emphasized the development of data
analysis protocols (DAPs) during the information system design phase to ensure a
rational and consistent approach to data analysis for each application and to provide
for review ﬁom and consensus among all interested parties on the data analysis
methods to be used to reach the information goals. Adkins _(1993) used. this
approach to present a framework for the development of DAPs for groundwater
monitoring programs.
3.4.2 Statistical Methods

Design of effective water quality monitoring systéms for a wide range of
management goals has been discussed by Sanders et al. (1983) that emphasized a
statistical approach to design and data analysis. Statistical methods have also been
discussed by many others, including the general use of statistics in regulatory water
quality management (Ward and Loftis, 1983; Schweitzer and Black, 1985; Mar et al.,
1986; Ward and Loftis, 1986; Gilbert, 1987; Fisher et al., 1988; Valiela and Whitfield,
1989); appropriate sampling frequencies required to achieve reasonably small and
uniform confidence interval widths about means (Loftis and Ward, 1980; Dunnette,
1980); statistical models including probability distribution models, linear regression
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models, log-transformed regression models (typically used for contaminant
concentration distributions), and confidence intervals for probability models (Loftis
et al.,, 1983; Koch and Smillie, 1986). The effects of different temporal and spatial
scales of interest on water quality monitoring and data analysis were investigated and
discussed by Loftis et al. (1991). They concluded that an explicit consideration of
scale in the design of water quality monitoring programs and data analysis is very
important for generating the desired statistical informatioh.
343 Empirical Methods

Much research has been performed concerning the development and application
of empirical or statistical modeling techniques for predicting NPS and stormwater
pollution loadings, especially in urban and agricultdral environments. These are
typically considered planning or screening-level models and assessment
methodologies that are not too data intensive, complex, or costly for most state
regulatory agencies to apply. These approaches may be appﬁcable to the scrééning-
level assessment of IAMs because the quantity of data required for complete
statistical analysés or simulat.ion modeling that could be performed in later stages of
the assessment process are typically not available at this early stage. These methods
include the evaluation of pollutant loading/land use relationships in watersheds
(Ostry, 1982; Brown, 1988; and Richards, 1989); estimation of loadings based on
assumptions regarding population distributions (normal versus lognormal) and
correlations between concentration and discharge (Whitfield, 1982); regression
(Jewell and Adrian, 1982; Fannin et al., 1985; Hill, 1986); mass balance approaches
(Novotny et al., 1985); and the USLE for sediment (Dickenson et al., 1990).
Reckhow et al. (1985) provided a good summary of these empirical types of pollutant
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runoff models and their selection and use in the decision-making process. Marsalek
(1991) also provided a good review of methods for deriving planning-level estimates
for predicting pollutant loads in urban stormwater.
34.4 Risk Assessment

A risk-based approach to the environmental assessment process has been
emphasized by USEPA (1984, 1989a, 1992c¢, 1992d) and others and may be effective
for assessing and targeting IAMs. Human health and ecological risk assessment is
required as part of the CERCLA process (USEPA, 1988a, 1988b, 1989a, 1989b).
Risks of adverse impacts to aquatic life are dependent on three primary factors:

1. concentration of the contaminant(s) that aquatic life are exposed to and
associated water quality effects of this concentration (exposure concentration)

2. frequency of exposure occurrence

3. . duration of exposure occurrence

Therefore, one important phase of the risk assessment process is the exposure
assessment, whereby contaminant loadings, coﬁcentrations, and exposure are
estimated in terms of probability. Exposure assessment typically involves developing
a frequency distribution of observed or modeled contaminant loadings or
concentrations and evaluating the associated risk of exceeding water quality
(especially aquatic) criteria, as v;'eﬂ as evaluating the risk of exposure to human or
ecological receptors. This allows estimates of uncertainty to be made explicitly as
part of the risk assessment process. Risk and exposure assessment is also very useful
for targeting the worst source or impacted areas instead of attempting to evaluate
and remediate all areas with limited resources. Risks of the greatest contaminant

loadings may typically be associated with storm and snowmelt runoff events in the
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high altitude areas where most IAMs are located. Alternatively, risks of the highest
concentrations may be associated with baseflows when dilution is at a minimum.
This approach explicitly considers the probability of occurrences of these types of
events and the uncertainties associated with them. Evaluation of uncertainty allows
an estimate of confidence in the data, in the information derived from the monitoring
program, and in the decisions made regarding further assessment and remediation.
These methods include evaluation of stream standard violations by estimating
cumulative density functions (cdfs) using observed data and confidence limits about
the cdfs based on normal and nonparametric models (Loftis and Ward, 1981); use
of lognormal models (Page and Greenberg, 1982; Di Toro, 1984); Monte Carlo
simqlation techniques (Haith, 1985, 1987a, 1987b; Marr and Canale, 1988);
applications to environmental impact assessment (Suter et al, 1987); and
probabilistic evaluation of source-to-stream loading and downstream fluvial transport
and- attenuation (Phillips, 1989).
3.4.5 High Altitude Environments

A considerable amount of work has been performed on assessment of the
hydrology and water quality of mountain and high altitude environments. Jarret
(1990) provided a good summary of hydrologic and hydraulic research in mountain
rivers, emphasizing that standard hydrologic methods may provide crréneous results
when applied to mountain environments due to the heterogeneity of terrain and
basin characteristics in these watersheds. Work has been performed on the
relationships between stream discharge, chemical loadings, and other watershed
characteristics (Lewis and Grant, 1979; Vitek et al., 1981); hydrochemical balances
(Stednick, 1981; Baron and Bricker, 1987; and Williams and Melack, 1991); and
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regression models (Singh and Kalra, 1984).
3.4.6 Mining

Work that has been performed specifically on the assessment of mining sites
includes development of simplified stream models of AMD drainage effects using
mass balance approaches (Chadderton, 1979); evaluation of adverse impacts of
erosion and sedimentation from mining activities on water quality using sediment and
biological monitoring techniques (Duda and Penrose, 1980); watershed planning for
AMD abatement using mapping techniques (Fe.rguson, 1985); control of NPS
pollution from mine spoils (Evangelou and Thom, 1985); and gold mining effects on
the hydrology and water quality of streams (Bjerklic and LaPerriere, 1985 and
LaPerriere et al., 1985). Mining-related NPS. pollution was also discussed in general
terms by Cohen and Gorman (1991).
3.4.7 Metals

With regar_d to assessment methods for general metals pollution, work has
included general metal monitoring and geochemistry (Latimer et al., 1988) and
evaluation of spatial trends and sorption processes of trace metals in sediment
from an urban watershed (Combest, 1991). This work found that spatial trends may
indicate either differences in metal inputs or differences in sediment sorption
processes. This has significant implications for confidence in decisions regarding
loadings to a stream segment and targeting remediation.
348 Sediment

Much work has been performed on the assessment of erosion and sediment
transport, including delivery of suspended sediment and particulate péllutants from
NPSs during overland flow (Novotny, 1980) and soil loss from precipitation on
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mountain land including using the USLE (Hart, 1981) It was found that (1) low
ihtensity storms of short duration on dry soils produce such small soil loss that these
events are insignificant, (2) antecedent soil moisture musf be considered because it
affects surface runoff (the most important cause of sediment transport), and (3)
length-slope factors on slopes greater than 20% may need further evaluation.
349 Biological Methods

Much work has been performed recently regarding geﬁeral biological assessment
methods, including evaluating relationships among observed metal concentrations,
criteria, and benthic community structural responses in streams (LaPoint et al., 1984)
and biomonitoring for toxics control in NPDES permitting for complex effluents
(Roop and Hunsaker, 1985). It has been concluded that a combination of
biomonitoring and bioassays of benthic fauna during seasonal or critical flow periods
provided good information for evaluation of long-term general water quality and
metals contamination. The advantages of ecological monitoring and toxicity testing
for complex effluents and measuring whole effluent toxicity (WET) relative to
standard chemical-specific monitoring have been emphasized.
3.4.10 Synoptic Methods

Research has also been performed on fixed stations versus intensive surveys for

monitoring water quality (van Belle and Hughes, 1983). These researchers concluded

that:

° Intensive surveys are effective for studying short-term fluctuations in water
quality, the relationships of these fluctuations to other hydrologic phenomena,
and cause-effect relationships of pollutants.

o Estimates of water quality derived from networks selected by non-probabilistic

means may generate biased estimates of absolute water quality, but can give
valid estimates of trends with less variability.
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Messer et al. (1988) examined the feasibility of a regional probabil_ity-based synoptic
sampling approach to study stream chemistry, concluding that week-to-week
variations in concentrations of key chemical parameters during the spring did not
appreciably affect the estimated population distributions and stream classifications,
but differences were observed between spring and summer.
34.11 Geographic Information Systems

Several authors have used geographic information systems (GISs) or similar
technology to éid in identifying and evaluating NPS pollution contributing areas
(Gilliland and Baxter-Potter, 1987; Berry and Sailor, 1987). This technology is
especially useful for spatial data input and management, linking with watershed or
water quality models, and generatioﬁ of maps that can be used to evaluate NPS
pollution sources and impacts and for presentation.
3412  Standards

Research on assessment methods with regard to deiermining appropriate water
quality standards has included alternative approaches to developing standards and

assessing biotic impacts of wastewater effluents in relation to these standards (Lee

et al,, 1982a, 1982b); statistical bases for problems with typical methods used to

develop standards and to identify NPDES permit violations (Herricks et al., 1985);
and regulating NPS pollution using the TMDL/WLA and permitting process in
conjunction with consortia made up of all potential parties responsible for NPS
pollution for targeting problems that have. the greatest opportunities for risk

reduction (Foran et al., 1991).
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35 Summary

The extensive evaluation in this chapter has shown that there are no federal
regulations that explicitly address the vast majority of IAMs. In addition, the
assessment methods used by federal agencies, as well as the state agency and other
assessment méthods, also do not explicitly address the majority of these sites. It is
apparent -that the biggest problem is that there is no single method that
comprehensively addresses IAMs with regard to targeting, especially on a watershéd
scale. Significant weaknesses in the methods that have been or are currently used
include:

° information goals are not explicitly defined prior to the data collection and
analysis activities

L too costly or data intensive given very limited resources and data

o not effective or efficient with regard to deriving as much of the required
information for targeting or prioritizing sites for remediation as possible from
the available data

° too narrowly focused with regard to the types or spatial scale of mformatlon
required for targeting

o derive too much information that is not initially required for targeting

° do not provide data or information that are consistent or comparable among
sites or agencies

° do not incorporate a risk-based approach for targeting

° do not consider or attempt to minimize the uncertainty associated with the
data and information derived from the assessment

The importance of these problems is discussed in more detail in the next chapter
with regard to defining specific management goals and assessment information goals
for IAMs. The methodology developed as part of this study will attempt to overcome

all or most of these shortcomings.
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40 INACTIVE AND ABANDONED MINE MANAGEMENT GOALS AND
INFORMATION GOALS FOR TARGETING

This chapter defines generalized, primary IAM management goals common to
most agencies. IAM management goals are useful because regulatory information
goals generally cannot be identified for these sites. These management goals are
then used to formulate common and clearly stated water quality assessment
information goals for IAMs. Specific quéntitative information goals for the
assessment methodology are then defined based on the assessment information ;goals.
41 JAM Management Goals

The overall, primary management goals for IAMs must be clearly defined before
resources are allocated to assess and remediate these sites and before assessment
information goals can be defined (Parsons, CDPHE, personal communication, 1993).
As discussed in the previous chapter, no specific federal regulations for controlling
pollution address the vast majority of IAMs,.and a national program for management
of these sites does not currently exist. Management goals, therefore,. vary
considerably among agencies and states and clearly defined overall management
goals for the majority of these sites do not exist (WGA, 1991). The fact that [AM
land ownership is highly variable complicates the management goals and approaches
considerably. However, some commonalities in IAM management goals do exist
among agencies. These common goals can be defined and generalized to formulate

primary JAM management goals that provide the basis for defining associated
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assessment information goals. Management goals that are somewhat more specific
for individual sites can also be defined by agencies later on a site-specific basis that
take into consideration the various and unique environmental and socioeconomic
characteristics of each site. Future generalized national JAM management goals |
might also help frame these site-specific management goals.

In order to define overall IAM management goals and information goals, a
comprehensive literature review was performed and extensive discussions were held
with key individuals with organizations involved with IAM assessment and
manégemént. The following individuals and organizations provided guidance on
identiﬁcétion of management and information goals and review and comment on the
goals identified:

° USEPA Region VIII - Rob Walline (National Mining Expert) and Carol
Russell (NPS Group)

o CDPHE Water Quality Control Division - Greg Parsons (Head of NPS Unit)
and Bob Owen (Standards Unit)

® Colorado Department of Natural Resources (CDNR) Division of Minerals
and Geology - Dave Bucknam (Head)

° Colorado Center for Environmental Management (CCEM) - Gary Broetzman
(IAM Project Manager)

These individuals and organizations represent a cross-section of those involved with
IAM assessment and management; one federal agency, one state agency responsible
for water quality protection, one state agency résponsible for JAM remediation, and
one independent organization creating a forum for JAM management issues.
CCEM has prepared a blueprint for the effective management and cleanup of
IAMs (CCEM, 1993). This blueprint builds on information and recommendations

presented in the WGA report (1991) and includes many key elements for the
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effective management of these sites. Many of these key elements have also been

recommended by others involved with JAM management and NPS pollution control

(Broetzman, CCEM, personal communication, 1993; Walline, USEPA, personal

communication, 1993; Parsons, CDPHE, personal communication, 1993; CDPHE,

1993a; Colorado Department of Natural Resources, 1982). The recommended key

elements of an effective IAM management approach are as follows:

states should have the primary responsibility for management of IAM waste
sites (due to significant differences in the scope and characteristics of the

problems among states) with support, technical guidance, and significant
funding from the federal govemrnent '

environmental cleanup Foals espec1a11y water quality improvement and
restoration of aquatic life, (including risk-based information) that are

somewhat site-specific should be used as the basis for defining cleanup actions

cleanup goals should be integrated with prevailing environmental regulatory
requirements where feasible

collaborative decision-making should be used through broad stakeholder
involvement and formulation of Memoranda of Understanding among all

interests to enhance public support and probability of success for remediation

a system should be developed for identifying, ranking, and selecting
(targeting) geographic priority areas (generally watersheds)

a state-wide inventory of IAM problems and needs should be developed and
conducted in a consistent manner with state criteria or national criteria where

federal funding is involved

overall criteria or methodologies for area-specific analyses should be
formulated utilizing public involvement and a citizens board for problem

definition, setting cleanup goals, collecting baseline information, identifying
remedial actions, and integrating with cleanup actions for other sources of
contamination

a phased approach to assessment should be used, thereby using limited.
resources in an efficient manner for areas or sites of concern only when

required

the uncertainty or confidence associated with the information derived from
the assessment process and with subsequent management decisions that are

based on this information should be considered
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the potential remining of some sites should be considered

the maintenance of historic structures associated with IAM sites that are of
considerable historic, archaeologic, and/or economic (tourism) interest should

be considered '

economic benefits to a geographic area should be considered, such as
increasing the public value of a water body and recreational or tourism

opportunities, or providing local jobs associated with remediation

phased remedial actions that enable cleanup to proceed according to
availability of funds should be used

the feasibility and demonstration value of remediation technologies should be
considered

preference should be given to certain types of remedial technologies, such as
passive treatment and/or low maintenance technologies to reduce long-term

costs, and the costs/benefits of alternatives should be considered

the aesthetic values of mining areas should be considered

the compatibility of post remediation land use with surrounding existing or
future land uses should be considered

land ownership of potential remediation areas should be considered

consideration of any adverse impacts to people or the environment that might
occur during or after remediation and of uncorrected conditions, if any, that

will continue to exist after remediation

Some of the key elements of an overall management goal or effective

management approach listed above impact the definition of specific assessment

information goals. These key elements are discussed in subsequent subsections as

follows:

° water quality management goals
° risk-based approach

° geographic approach

o consistent methodology

] targeting

In addition, the next section on information goals (Section 4.2) discusses a phased

approach to assessment and the uncertainty associated with the information derived
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from assessment.

It is generally recognized that overall IAM management goals cannot be easily
separated from general water quality management goals m most cases (Walline,
USEPA, personal communication, 1994). If IAMs were not adversely impacting
water bodies, many of them would not need to be remediated. Overall management
goals for JAMs, therefore, are consistent with management goals for many other
sources of NPS pollution. For IAMs, however, two primary management goals can
be defined.- One of these goals is to reduce the public safety hazards, especially the
extreme hazards, associated with these sites by closing openings at the mines. This
is the primary focus of most state abandoned mine reclamation programs funded
under SMCRA. Although it could be cost effective to address these public safety
hazards in conjunction with addressing water quality problems at éome sites, the
management of these sites in relation to water quality management is the focus of
this study.

4.1.1 Water Quality Management Goals

The second primary goal for the management of IAMs is to reduce contaminant
(metals, acidity, and sediment) loadings from these sites to water bodies for which
designated or attainable beneficial uses (primarily aquatic life) are not being
achieved in order to accomplish the following:

1. Attain the designated uses of those stream segments for which the designated
uses are not being achieved, or

2. upgrade the existing uses to the attainable uses of those stream segments for
which the attainable uses are not being achieved.

The reduction in contaminant loadings will be accomplished by remediating
contaminant sources (i.e., IAMs) targeted as critical areas.
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Several organizations involved with the management of IAMs recommend that
IAM cleanup, environmental, or water quality goals should be sité-speciﬁc and not
necessarily regulatory driven because some of the existing numeric standards cannot
be met given existing resources and reasonable timeframes (or at all) (CCEM, 1993;
CDPHE, 1993a; WGA, 1991). The fact that a numeric sltandard cannot be met
should not pre\?ént the implementation of an IAM remediation project if substantial
benefits can be recognized. In many cases existing designated beneficial uses and
associated numeric standards are not necessarily appropriate for a given water body
and/or were not established using optimal methods. Management goals based on
these uses and sténdards, therefore, might not be suitable for achieving the desired
benefits. Consequently, water quality goals should be site-specific, realistic, and
clearly defined using optimal methods as part of the definition of IAM management
goals. |

Many water quality goals are based on aquatic life uses. These are considered
environmentally-based goals, and are an important part of an ecosystem approach to
IAM management. Restoration of fish habitat and populations is one of the primary
water quality goals for many receiving water bodies impacted by JIAMs. Restoration
of other beneficial uses is also an important water quality goal. The designated use
or the use attainability of a stream segment should be considered the primary water
quality goal. Tﬁis goal, however, cannot always be achieved without an exorbitant
amount of resources and time. If this water quality goal cannot be met, a secondary
or interim goal can be defined (this is sometimes allowed by USEPA). This goal can
be a different beneficial use that can be achieved in a reasonable timeframe with

existing resources, or a partial achievement of the designated or attainable use.

60



These goals should be defined on a case by case basis. A use attainability analysis
can be performed for high priority stream segments to define the appropriate primary
water quality goals.

Associated with each attainable use are numeric water quality standards for
metals. These numeric standards can be based on ambient conditions, TVSs as
defined by USEPA, or site-specific maximum (target) concentrations determined
using toxicity tests for the project area. Regardless of the specific water quality goal
or attainable use, an associated numeric standard or concentration should be defined
for each priority stream segment that is required to attain and maintain the use.
These concentrations can be defined on a seasonal basis, thereby reflecting critical
conditions impacting the attainable use.

Once the target concentrations of critical metals and other constituents required
to support the use have been defined, the maximum loading to the water body and
the reduction in loadings during the critical period that are required to achieve the
concentration can be determined. This generally must be accomplished using
mathematical modeling techniques, such as those used to determine TMDLs for
WLAs for point source controls. This task can generally be performed after the
screening-level assessment phase for those segments and sites targeted for more
detailed assessment and/or remediation.

4.12 Risk-based Approach

Some organizations (CCEM, 1993) recommend using an environméntal risk-based
approach for defining cleanup goals and managing these sites. This approach has
be;:n recommended for many areas of toxics control and environmental management
(USEPA, 1984, 1992c, 1992d). Human health and ecological risk assessment and -
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management is used extensively to define cleanup goals and as the basis for making
remedial decisions for Superfund sites (USEPA, 1988a, 1988b, 1989a, 1989b). The
environmental risk-based approach is based on estimating the probability or
frequency of occurrence of some detrimental impact to ecological receptors.
Comparison of these risks provides a quantitative basis to compare and prioritize
IAMs or water bodies beyond simple comparisons of average or total values. It also
provides an explicit measure of the uncertainty associated with estimates of loadings

and concentrations to provide estimates of the confidence in the data, in information

derived from the data, and in the decisions regarding targeting sites for more detailed

evaluation and/or remediation.

The risk-based approach might be somewhat difficult to implement at many IAM
waste sites given the general lack of adequate data for an individual site based on
tybical synoptic or quarterly monitoring over only a relatively short period (often one
year). Some type of modeling, therefore, is often employed to enhance the data and
perform risk assessment at Superfund sites.

4.13 Geographic Approach

Many organizations involved in the management of JAMs recommend an area-
wide, geographic, watershed, or ecosystem approach to the management of these sites
and associated impacted water bodies (USEPA, 1975, 1977, 1991c; Warren, 1979;
Lotspeich, 1980; Maas et al,, 1987; WGA, 1991; CCEM, 1993). This approach is
recommended for NPS pollution control in general and is implicit in the CWA by
reference to an area-wide approach to pollution control. The majority of IAMs are
in close proximity to each other and have similar types of sources or receivir_lg water
quality problems in historic mining districts. These may be considered multiple sites
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or source areas within a given watershed and are very amenable to management
based on a watershed or ecosystem approach. Grouping sites together on a
geographic or watershed basis can allow easier and more cost effective analysis and

remediation. A geographic approach requires the following (CCEM, 1993):

° identification of the geographic area
o characterization of the environmental quality within the geographic area
o identification of all sources of pollution contributing to the degradation of the

geographic area
° characterization of the pollution loading from those sources
° determination of the methods and cost of controlling pollution for the sources

o identification of private and public programs and funds available for the
cleanup of the geographic area

° determination of the benefit derived from cleanup of IAMs within the
geographic area

° establishment of a decision body responsible for the aﬁthorizing funds for the
cleanup of IAMs within the geographic area, including defining the conditions

to be met to make funds available
Grouping sites together on a @ographic or watershed basis can generally be
performed after the inventory but before the screening-level assessment. The
screening-level #ssessment, therefore, would then be performed based on the
geographic areas of concern. Information from the inventory (field reconnaissance)
and USGS topographic maps can be used to delineate areas or watersheds based on
the following criteria:

° geographic location

K type of mine, metals contamination problems, and other environmental

impacts (such as type of use impairment)

° subbasin physical and ecological characteristics (homogeneity)
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o jurisdiction and other socioeconomic factors

° affected water bodies or stream segments, designated - beneficial use
classifications, and potential exposure points

An alternative approach is to first select priority stream segments, perform
scrc_aem'ng-level assessment within the segment to identify subbasins that are
potentially loading significant quantities of metals to the segment, and then perform
inventories in those subbasins to derive data and preliminary information on specific
source areas within the geographic area. This approach might save money by
inventorying only those sites that appear to be significant sources of metals to the
segment of concern, rather than inventorying all sites initially, as is typically done in
the initial phases of identifying public safety hazards.

414 Consistent Methodology

Many organizations recommend a standardized or consistent methodology for
data collection and analysis and use of consistent and comparable information among
sites in order to effectively evaluate .and manage these sites and allocate limited
resources with a reasonable level of confidence (WGA, 1991; CCEM, 1993). WGA
(1991). states that future inventory and assessment work requires well thought out
instructions, consistent standards, and coordination among agencies conducting such
work. If effective ranking and prioritization or targeting sites for remediation is
desired (as discussed later), information derived from the sites must be comparable.
If comparisons are to be made among information and sites, the information must
be consistent and obtained using somewhat standardized or consistent methods. This
is why a standardized assessment methodology or protocol based on well-deﬁned

information goals can be very useful. The term "protocol” as used in this study, as
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well as the advantages of a protocol, have been discussed by Adkins (1993).
Several other important reasons exist for using a consistent assessment methodology.
Federal funds can be allocated to states or agencies based on the extent of the IAM
problem. At the other extreme, liability (such as Superfund) can also be based on
the extent of contamination. Some results, therefore, might be skewed in ofder to
receive more federal funding or to. minimize liability. A standardized methodology
would also reduce duplication of work and save money in the long-term because each
state or agency would not have to develop a new procedure each time an assessment
is performed or a program is implemented. A consistent methodology would also
yield a credible assessment for defining a national problem important for legislature
and national public policy purposes. It would also provide a baseline for eventually
analyzing cleanup progress.
4.1.5 Targeting

Prioritizing or "targeting" IAMs or areas for remediation has been recommended
by many organizations and will probably be one of the primary components of the
effective management of these sites (WGA, 1991; CCEM, 1993). The targeting
concept is central to the comprehensive State Clean Water Strategies (SCWS) and |
has been recommended by USEPA as the best management approach for controlling
NPS pollution in general (Maas et al., 1987). Targeting has been used very
successfully in agricultural NPS control programs under the RCWP to identify and
rank priority water bodies and critical areas and select areas for remediation that will
provide the maximum visible improvement and beneficial uses for the public, given
limited financial and human resources to address all of the NPS problems. Achiéving
maximum visible benefit is critical for obtaining broad public support for NPS control
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projects. Targeting or priority ranking has the following advantages (Maas et al.,

1987):

° aids in achieving the greatest public benefit given limited resources
o helps build consensus on priorities

L based on water quality and socioeconomic considerations

° helps organization and interpretation of data

Theoretically, some states or agencies might be required to address all of their
IAMs or receiving waters for which beneficial uses are not being achieved. Other

states might only address specific areas or receiving waters of special concern or of

' the highest beneficial use that have the most potential to be remediated. In either

case, however, some form of targeting will be required. Even for those states or
agencies that must eventually remediate all of their sites, a prioritization scheme
must be employed initially because they cannot address all problems at once.

Targeting in watersheds implicitly involves the collection of baseline data and
derivation of baseline information on water resources and the associated watersheds.
For many of these IAMs, no data have been collected to date (except for possibly
limited data collected during the inventory phase). This baseline information,
therefore, is critical for making future management decisions fegarding more detailed
assessment and/or remediation of these areas. The baseline information also
provides for the later quantitative evaluation of the effectiveness of IAM remediation
and NPS control projects after they have been implemented.

Targeting is based on using specific criteria to designate and rank priority water
bodies or critical areas. This requires certain types of information and making
comparisons among this information. Many information goals, therefore, can be

defined in terms of targeting requirements. These targeting requirements and
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information goals should be defined prior to the actual assessment. Methodologies
for targeting have generally been developed and used more often for lakes than for
streams, and use of biological, as well as chemical, indices is recommended.

Maas et al. (1987), as part of a USEPA guidance document, describe three levels

of targeting or setting priorities for NPS control:

1. national and regional water resource priorities
2. priorities at the state level
3. priorities at the watershed level

National and regional water resource priorities are those water resources of national,
regional, and/or interstate concern and interest, and should be defined first. State-
level targeting generally refers to priority ranking of water resources (water bodies)
for treatment, and should generally be performed in conjunction with or after .
national and regional targeting. MoSt states use the following criteria for ranking
and targeting water bodies for restoration (Adler and Smolen, 1989):
1 severity or threat of impairment (public health and environmental)
2 public value of the water body
3. resolvability of NPS impairment
4 availability and quality of assessment information

Targeting critical areas at the watershed level involves identifying the
predominant pollutant sources, prioritizing the sources, and first treating those
sources that contribute most to the stream segment impairment identified at the state
level. Targeting at the watershed level can be based on four criteria as follows
(Maas et al., 1987):
| type and severity of water resource impairment
source magnitude considerations

transport considerations
project specific criteria and goals (including socioeconomics)

el s
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These state- and watershed-level criteria can be considered general types of
information that can be used for targeting sites. More specific information for each
criterion is discussed in subsequent sections.

Targeting involves making comparisons among. these criteria or information
derived from different source areas and/or stream segments, and then ranking and
selecting those areas that are worst (critical) and/or have the most potential to be
remediated. The comparison, ranking, and selection process should be quantitative
in order to make management decisions with an acceptable level of confidence.
Based on the criteri;cl identified above, targeting for remediation of JAM waste areas
can include comparing information on and selecting different types of populations
within a geographic area. These populations are dependent on the scale or

geographic area of interest and are illustrated schematically in Figure 4.1. These

populations can be defined as follows:

Individual point - An individual point is a station monitoring drainage from an
individual source, a subbasin, or a watershed, or a monitoring station within a stream
segment. Although targeting an individual point is not common, in some cases it

~might be appropriate if it drains a point source or is a location in a stream segment

of special concern.

Stream segment - A stream segment is a stream reach of any length for which inputs
of metals occurs from sources, subbasins, and watersheds and that discharges to
another stream reach of the same or higher order. A stream segment can be entirely
within, partially within, or at the outlet of a subbasin or watershed. A stream
segment can have one or more monitoring stations located within it (possibly
bracketing a source area). A stream segment is often defined for management
purposes by its designated beneficial use classification and associated water quality
standards. The stream segment is the receiving water of interest that forms the
aquatic ecological system impacted by metals loadings and concentrations.

Individual source - An individual source can be an individual point source or a NPS
area consisting of waste rock, tailings, or some type disturbed area for which metals
might be leached from and transported and input to a stream segment. An
individual source might have stations monitoring its drainage directly or bracketing
it.
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X point source : @ point draining background subbasin

nonpoint source : @ point draining point source

@ monitoring station @ point draining subbasin and nonpoint source

e — stream @@@ points bracketing tributaries

~— ~— ~— subbasin boundary points bracketing nonpoint source
limits of s?gment . @ point draining watershed
.............. example first order subbasin boundary @ {3 points within stream segment
@— points within watershed

Figure 4.1. Schematic representation of an IAM watershed and different
spatial scales of interest
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Type of source - A type-of source is an aggregation of sources that are similar in
nature, such as all point sources, all NPSs, or all background sources that might be
contributing metals to a stream segment.

Subbasin - A subbasin is an area contributing drainage and metals to a given
monitoring station within a stream segment. A first order subbasin is defined as an
area contributing to a monitoring station where no other monitoring stations exist
upstream or where one or more adjacent upstream monitoring stations form the
upstream boundary of the subbasin. A subbasin can entirely or partially contain one
or more stream segments, and discharges to a stream segment of the same or higher
order.

Watershed - A watershed is an area contributing to a monitoring station that
generally includes multiple monitoring stations and subbasins (although theoretically,
a watershed with only one station at the mouth may also be considered a subbasin).
A watershed may have one or more stream segments entirely or partially within it,
and discharges to another stream segment of the same or higher order.

Based on these definitions of geographic and spatial scales of interest, targeting

IAMs can include comparing information on and selecting the following types of

populations:

o stream segments based on:
- impairment of designated uses

- ambient water quality (chemical concentrations and/or existing uses)
- magnitude of loadings to segment
- use attainability

o individual sources based on:
- location of loadings relative to stream segment of concern

- magnitude of loadings

o types of sources (i.e., all background sources, point sources, and/or NPSs)
based on:
- locations of loadings relative to stream segment of concern
- magnitude of loadings

° subbasins based on:
- location of loadings relative to downstream segment of concern

- magnitude of loadings from all first order subbasins to stream segment
of concern
- magnitude of loadings

° watersheds based on:
- location of loadings relative to downstream segment of concern
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- magnitude of loadings from outlet

42 | Information Goals

Well-defined information goals are fequired for the development of an effective
assessment methodology and attainment of ovérall management goals (Ward et al,,
1990). Information goals, however, can only be defined after overall IAM
management goals are defined, and must be formulated based on these management
goals and targeting criteria. WGA states that future inventory and assessment work
requires well thought out goals (WGA, 1991). As stated above, information should
be somewhat consistent and comparable among sites for the effecﬁve targeting and
management of these sites. One of the key questions regarding information required
for the management of these sites is: "At a minimum, what kind of information and
how much information is required td make management decisions with a reasonable
degree of confidence?" Too much or the wrong kind of information results in
inefficient use of limited resources. Not enough or the wrong kind of iﬁformation
results in an unreasonable amount of uncertainty associated with the information and
subsequent management decisions, as well as making wrong decisions.

Information goals can generally be divided into three categories (Adkins, 1993):

1.  regulatory information goals
2. monitoring or assessment information goals
3. statistical or quantitative information goals

Regulatory information goals are usually implied in somewhat vague regulations that
require some intérpretation. Because no specific federal environmental regﬁlations
currently address the vast majority of IAMs, these will not be considered directly.
Assessment information goals may be defined as qualitative statements which
describe specific information expectations of the assessment program. These are

!



-y AE W Ny S e am

o - a :

~ 3
/‘ )’

S B AN EE -

typically more specific than the regulatory information goals, but do not necessarily
have to correspond to regulatory goals. Lastly, quantitative information goals are
complete and specific statements that explain the quantitative (and statistical) intent.
These goals should directly reflect the identified assessment information goals.

Aﬂother type of information goal that could be considered in addition to the
three types. discussed above is public information goals (Parsons, CDH, personal
communication, 1994). Public information goals are those types of information that
are presented to the public, especially local citizens, to gain their support and
participation in the IAM management process. These types of information goals can
include those defined above, but may emphasize certain types of information such
as local economic impacts from existing environmental degradafion, costs of
remediation, benefits of remediation, etc.

The identification of information goals is complicated by the fact that (1) no
specific regulations are currently in place and no clear regulatory information goals
can be defined for JIAMs that can be easily translated into specific assessment and
quantitative information goals and (2) information goals can vary significantly among

agencies depending on the speciﬁc management goals of each agency. This is why

it is very important to first define overall management goals and targeting criteria for

IAMs. Based on common management goals, some common, general assessment
information goals for targeting can be defined for these sites. Specific quantitative
inforfnation goals can then be identified for each assessment information goal.
42.1 Assessment Phases

Four primary phases of assessment as part of the effective management of IAMs
can be defined as follows:
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1.  inventory

2. screening- or planning-level assessment for targeting sites for later detailed
assessment and remediation '

3. detailed assessment for remediation

4. long-term maintenance monitoring and assessment to evaluate effectiveness
of remediation '

Information goals can be defined for each of these phases. General information
goals for the four phases are discusséd in the following sections.. This research
focuses on the second phase, screening-level assessment for targeting. Specific
information goals for this phase are discussed in detail in Section 4.2.2.

42.1.1 Inventory

The first general information goal for the initial management of IAMs is to

" determine whether a problem exists and to define the extent of the problem. This

is part. of the initial ph.ase of the collection of very general baseline data and
information. The number, locations, and general types of sites and associated water
quality pfoblems must be identified. The effective inventorying of IAMs is critical
to achieving this goal. Inventorying has traditidnally been performed to identify,
locate, and qualitatively describe IAMs that might present public safety problems or
hazards, such as open shafts. Inventorying, therefore, is the first step in the
assessment process to address public safety hazards'. Inventorying might also be the
first step in the case of some water quality assessments if it can be used to identify
potential source areas related to water quality concerns. In many cases, however,
another approach might be more appropriate. As discussed previously in using a
geographic approach to management, water quality concerns in priority stream
segments can first be defined and the inventorying then performed in the specific
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subbasins and watershed contributing metals to the water body.

One of the first steps in the inventorying process is to identify sites using USBM,
USGS, USBLM, and state mining agency historical records regarding mining claims,
permits, and extraction operations. Historical information may include types of
metals mined or characteristic of the area; numbers, types and sizes of
extraction/milling operations; and other physical and operational characteristics of
each site (USEPA, 1977; USBM, 1993). USGS topographic maps, land ownership
and use maps, and historical and current aerial photographs are also very useful for
identifying potential sites.

Field reconnaissance should also be performed to confirm historical, map, and
aerial photo information and to provide many types of important information that
cannot be derived from these sources alone. Information regarding locations and
proximity of nearby receiving surface waters is needed. The number and
approximate sizes of streams, impoundments, and other surface water bodies in the
vicinity of an IAM is required. This information includes visual estimates of physical
characteristics including average channel cross-sectioﬁal areas, flowrates, arid/or
volumes of these features. If obvious seeps, point sources, or other pollutant releases
are in the vicinity, their locations and estimated flowrates is very useful information.
Visual observations of potential contamination or environmental disturbances are
also required. These may include signs of fish kills or lack of aquatic life,
devegetated areas and other terrestrial and riparian vegetation impacts, discoloration
of and precipitates in water, and areas of erosion and sedimentation in upland areas

and in stream channels.
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Any previous water quality samples or flow data that have been collected
certainly provide important information. This may include the number and locations
of samples collected or flow estimates, the date of data collection, and the results of
the previous water quality analyses and flow estimation. Information on locations,
estimated areas and volumes, and composition of obvious waste source areas (such
as tailings and waste rock) is also needed. Composition includes any chemical and
physical characteristics from previous data or field observations, or preferably, from
limited sampling conducted during the inventory. All of this information should be
recorded in field logbooks and appropriate forms and delineated on USGS or more
detailed topographic maps of the site. A computerized database for all inventory
data and information should also be developed.

42.1.2 Screeﬂng-level Assessment for Targeting

The second phase of the IAM assessment process is the screening-level
assessment for targeting critical areas for further more detailed study and/or
remediation. The information goals for this phase can be generally defined by the
information required for targeting. The screening-level assessment can be considered
a continuation of the inventory in that more detailed baseline data and information
are collected and evaluated. This screening-level assessment for targeting is the
focus of this study. Specific information goals for this phase are discussed in detail
in Section 4.2.2.

42.13 Detailed Assessment for Remediation

The third phase of the IAM assessment process that is sometimes required is a
detailed assessment of priority sites for evaluation of potential remedial alternatives
and engineering design. This type of assessment builds upon data collected
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previously as part of the inventory and screening-level assessmenf. Typically,
however, more data are collected as part of this process that are specific to meet the
information requirements for remediation purposes. More detailed statistical and
quantitative analysis of the data from specific points of interest is possible given a
larger data set and might be useful for désign purposes. Deterministic or continuqus
simulation modeling for flows and water quality is sometimes used to evaluate
potential changes in the flow regime and loadings due to specific remedial activities.
Source areas, such as tailings, waste piles, adits, and distﬁrbed land, and loadings and
influent to a remedial system might be 'evaluated in detail in order to design the
system and estimate its operational parameters. The‘ theoretical reduction in source
loadings, instream concentrations, and risk resulting from implementation of the
system might be predicted quantitatively. These reductions are some of the primary
factors that determine the effectiveness of the system. The reduction in external
source loadings in most cases, however, will not provide immediate signs of success
in restoring the water body because large quantities of metals are typically adsorbed
or precipitated in the stream bed that will redissolve or otherwise be transported
downstream for many years. Other factors that determine the effectiveness of the
system might include low maintenance requirements, permanence, low cost, minimal
waste generated, demonstration value, etc. The timeframe for risk reduction and
system restoration might also be modeled and evaluated to select and design the best
system. Methods discussed by Willingham and Medine (1992) might be useful for

the detailed assessment phase.
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42.14 Long-term Maintenance Monitoring and Assessment

The fourth and final phase of the assessment process is to evaluate the
effectiveness of remediation and aquatic system restoration. Long-term maintenance
monitoring and assessment of risk reduction and restoration is performed to meet
this goal. Generally, trends and changes are quantitatively evaluated to ensure that
loadings and concentrations are decreasing over time in important areas where
remedial activities have been implemented. Aquatic life recovery and restoration
should be evaluated in critical downstream areas. Statistical tests including
hypothesis testing for trend and changes in means of populations is typically
performed to quantitatively evaluate the effectiveness of remediation at a specific
point or area of interest. Methods discussed by Loftis et al. (1991) can be useful for
these purposes.
4.2.2 Screening-level Assessment Information Goals for Targeting

Screening-level assessment information goals can be generally defined by the
information required for targeting. The screening-level assessment is the second
phase of the collection of more detailed béseline data and information, and is the
focus of this study. These goals are discussed in detail in the following sections.
4221 State-level Targeting Criteria and Information Requirements

For state-level targeting, criteria and associated information requirements for |
each criterion are discussed below.
1. Severity or Threat of Impairment

The severity or threat of impairment is one of the most important criteria for
targeting water bbdies for restoration, énd will affect the extent of remediation
required. In order to determine the severity or threat of iﬁpaiment of a water body,
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information on the designated uses and associated numeric water quality standards
is requiréd. Information is also required on the existing uses, the concentrations of
contaminants in the stream segment that are likely impairing the designated uses, the
extent of stream impaired, and the frequency or risk of concentrations exceeding the
standards. Biological indicators or biocriteria are often used to define the severity
of impairment, especially for aquatic life uses. The extent and locations of NPS
areas and magnitudes and risks of loadings within the watershed contributing to the
water body are als§ indicators of impairment and can be used to define the threat
of impairment. Determining the differences in concentrations between different
stream segments is required to compare and prioritize stream segments. Differences
in loadings to different stream segménts is also important information for comparing
and prioritizing stream segments. -
2. Public Value of the Water Body

The public value of a water body is important for gaining public support for
remediation and producing visible benefits. This criterion is often defined by the
designated uses and/or the attainable uses. Some uses are perceived to have a
higher value than other uses. Municipal water supply or aquatic life habitat, for
example, might be considered to have a higher public value than recreational use.
The number of uses of a given water body also affects the public value. The greater
the number of uses, the higher the perceived public value.. Information on
designated and attainable uses, therefore, is required to evaluate this criterion. The
amount of recreaﬁonal activity, size of the water body, amount and quality of wildlife
species and habitat, proximity to population centers, public access, and uniqueness
of the water body. are all additional possible indicators of public value. Some
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professional judgement must be used when defining and ranking the public value of
the water bodies.
3. Resolvability of NPS Impairment

The resolvability of the use impairment, including the feasibility and costs of
possible solutions, is an important criterion for targeting limited resources and
includes technical as well as socioeconomic considerations. Technical information
includes the concentration that must be attained in the water body to achieve the
designated use and the corresponding reduction in loadings that must occur to attain
this concentration, physical habitat improvement requirements, engineering
technologies available to achieve loading reductions and restore habitat, and time
frame for restoration. -Socioeconomic information includes funding availability and
public support for remediation projects, and césts of specific technologies and
alternatives.
4. Availability and Quality of Assessment Information

It is very difficult to remediate a water body or LAM:s if little or no information
on the area is available or if the quality of the information is not adequate. This
criterion requires information on existing data and information derived from any
previous monitoring and assessment work. Data obtained from inventories or the
standards setting process are examples _of this type of information.
4222 Watershed-level Targeting Criteria and Information Requirements

For watershed-level targeting, criteria and associated inférmation requirements

for each criterion are discussed below.
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1. Type and Severity of Water Resource Impairment

This criterion is important for targeting specific stream segments in a priority
geographic area and for determining the extent and types of engineering controls that
might be appropriate for remediating the problem. The information required for this
criterion generélly includes that required for the first criterion for state-level
targeting, but also includes some more detailed information on the type of
impairment. The impairment might be caused by excessive pollutant loading, high
average Or maximum _concentrations, or high frequency of exceeding a given
standard/concentration or loading. The impairment might be continueus, seasonal,
or periodic during critical conditions. Controls for reducing loadings during storm
events could be very different than those for reducing concentrations on a continuous
basis. Impairments can include nonattainmént of designated beneficial uses; metals
concentrations often exceeding numeric water quality standards; acidic conditions;
fish kills; aquatic life degradation; sedimentation; wetlands, riparian vegetation, and
aquatic habitat degradation; aesthetic problems; and human health risks. A
knowledge of the specific type of pollutant(s) causing the impairment is also needed.
All of this information, therefore, is required to define the type of impairment and
determine potential types of controls.
2. Source Magnitude Considerations

This criterion is the most important for determining the largest sources of
loadings to an impaired water body and for identifying those sources for which
engineering controls might have the greatest effect in restoring the designated use
of the stream segment. Source magnitude considerations include information on
aerial extent of NPSs cor;tributing to the stream segment; concentrations or mass of
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contaminants within the source areas; average loadings defined on a daily, seasonal,
or annual basis; variability of loadings; extreme or critical loadings; and frequency
or risk of extreme loadings under critical conditions. This information is required for
types of Sources, such as the total from all point sources, all NPSs, and all'
background sources. It is also required for individual sources and for entire
subbasins and watersheds that are believed té be major coﬁtributors. Erosion rate
is often required information because it is used in many cases to aid in the estimation
of loadings of metals that can be highly adsorbed to and transported with sediment.
Remediation could be targeted to a type of source (i.e., all point sources versus all
NPSs), individual significant sources, individual subb.asins, or entire watersheds.
Determining the differences in loadings between different types of source
populations, therefore, is required to compare and target types of sources. This
information is required for differences between the total loadings from all point
sources and NPSs, between individual significant sources, between individual
subbasins, and between watersheds. Differences between loadings from IAMs and
background sources is also required information for evaluating if natural background
sources might be impairing the designated use. This is especially important because
metal mining only occurs in mineralized areas that often produced natural metal
inputs to receiving waters before mining operations. Natural sources, therefore, are
often apparently the cause of NPS problems in mining areas. Information on the
uncertainty of the estimates of magnitudes and variability is also required to estimate

the confidence in derived information and in subsequent management decisions.
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3. Transport Considerations

Transport considerations are important for targeting sources because many large
source areas that release significant loadings can be distant enough from the
impaired water body that they might not be impacting the stréam significantly and
ca;l be eliminated. from considerat.ion for remediation. Although loadings from
sources and subbasins in headwaters can be significant, a large percentage of the
mass of the pollutant might not reach the impaired water body due to such processes
as deposition or sedimentation of adsorbed contaminants, or biological uptake,
infiltration to groundwater, or some type of conversion of dissolved and reactive
contaminants. In addition, loadings to the downstream portion of an impaired stream
segment might not have as much impact as loadings to the upstream portion of the
segment. Transport considerations, therefore, include information on locations of
loadings relative to the stream segment of concern, distance from individuai sources
to the nearest watercourse, distance from sources to the impaired stream segment,
and locations and magnitudes of losses between the source and the stream segment.
4. Project Specific Criteria (Including Socioeconomics) |

This criterion includes information that might be somewhat site-specific and not
considered for the other criteria, as well as socioeconomic informafion that might
impact targeting resources and remediation decisions. For example, level of available
funding and public support for a particular type of remediation for specific sources,
or costs of specific technologies relative to possible benefits, might be information
required for this criterion. Preference for specific types of technologies, such as
passive treatment or minimal maintenance technologies, might also be important
information for this criterion.
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4223

Summary of Screening-level Assessment Information Goals for

Targeting

Based on the above targeting criteria, the general types of information required

by most agencies for screening-level assessment for targeting can be categorized and

summarized as follows:

locations and extent of problems (use impairment, instream concentrations,
and/or loadings)

average magnitudes

extreme (critical) magnitudes

variability and uncertainty

frequency or risk of extreme magnitudes
differences between populations

feasibility of remediation

These general types of information are required at several different temporal and

spatial scales as a result of the attributes of the data derived from the typical data

collection methodologies (discussed in Chapters 3 and 5) and as a result of different

management and targeting approaches.

Temporal Scales

The temporal scales of interest for information goals include the following:

instantaneous (field measurement scale)

daily

seasonal

annual

various recurrence intervals of extreme events

Because many constituent concentrations are derived from grab samples and

instantaneous flow estimates are usually made, one important temporal scale for

information is instantaneous. From these measurements, estimates of daily loadings

83



and average daily concentrations are often made assuming that the measured
instantaneous concentrations and flow rates at each monitoring station are constant
over the day. These loading estimates are often used as the only means to locate
potential loadings to receiving waters and estimate and compare their magnitudes.
Daily loadings- and mean daily concentrations are also important for the estimation
of TMDLs, if this approach is used.

Because seasonality or differences between flow regimes is significant at most
sites (primarily due to seasonal flow variation as a result of snowmelt and storm
runoff), average or representative conditions during each important season (seasonal
total or seasonal mean daily loadings and/or seasonal mean instream concentrations)
is very useful information for cofnparisons among sites and targeting. Annual total
or annual mean daily loadings and/or annual mean instream concentrations are also
important for broad comparisons among sites and among different subbasins or
watersheds. Because of the typical significant variation in flows and loadings
between seasons at IAMs, however, annual estimates of these variables are not of
much practical use. Stream standards for concentrations are typically not derived on
a seasonal basis: the annual time scale is therefore important for concentrations. In
addition, recurrence intervals (or frequencies) of extreme values or critical conditions
for loadings and/or instream concentrations and probabilities (risks) of exceedances
above specific water quality standards or loadings are of interest. These types of
data and information are required for frequency analysis and evaluation of risks if
a risk-based approach to the assessment process is desirable. Frequency and
duration are important for deriving acute and chronic water quality standards for
aquatic life, as well as for determining exceedances above these standards. For

84



example, CDPHE uses a 1-day duration and a 30-day duration with a frequency of
three years for acute and chronic standards, respectively.

Spatial Scales

As discussed previously for targeting criteria, the spatial scales of interest for
information goals include the following:

individual point (monitoring station)
stream segment

individual source

type of source

subbasin

watershed

Depending on where the receiving water of interest is located, information can
be required at a specific point of interest draining a source, within a stream reach
(possibly bracketing a source), at the outlet of .a subbasin, or at the outlet of an
entire watershed. It is even more useful for IAM management purposes to derive
many types of information for an area such as a stream segment that has Speciﬁc
water quality standards and beneficial uses, a subbasin, or an entire watershed
(Anderson, CDPHE, personal communication, 1993). After all, water quality
management decisions are typically made for these types of areas, not points.
Comparisons between and decisions regarding areas can then be made using this type
of information. An individual stream segment with one classification and set of
standards, however, can sometimes be very large. Information such as the average
concentration in such a large segment is not of much practical use and does not pave
much physical meaning .given the actual variability within a large segment.

A summary of specific screening-level assessment information goals for the

various criteria for targeting includes the following (use of asterisk is explained
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below):

designated, existing, and attainable* beneficial uses of stream segments

numeric water quality standards and maximum concentrations associated with
uses*

maximum loadings causing maximum concentrations associated with uses*

type (high concentrations and/or loadings) and extent (locations, size, and/or
degree) of water quality impairment and critical conditions (flow conditions,

time of year, etc.)

reductions in concentrations and/or loadings required to achieve desired
beneficial uses* '

areal extent and contaminant concentrations of NPSs
distances between sources and watercourses and impaired stream segments
locations of loadings to and losses from stream segments

magnitudes (and associated uncertainty) of:
- concentrations in a stream segment

- loadings from a type of source (background, point sources, or NPSs)
- loadings from all contributing subbasins to stream segments

- loadings from an individual source

- loadings from an individual subbasin

- loadings from a watershed

differences between magnitudes of:

- concentrations in different stream segments

- loadings from different types of sources (background, point sources,
and NPSs)

- loadings to different stream segments

- loadings from different individual sources

- loadings from different individual subbasins

- loadings from different watersheds

frequency or risk* (and associated uncertainty) of exceeding a:
- target concentration and/or numeric water quality standard (toxic to

aquatic biota) in a stream segment

- target loading from a type of source (background, point sources, or
NPSs) _

- target loading from all contributing subbasins

- . target loading from an individual source

- target loading from an individual subbasin

- target loading from a watershed
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o remedial technologies available and costs
° funding availability and public support for remediation*

Information goals with asterisks represent information that is not necessarily
considered baseline information on ambient conditions because there is some
prediction or estimation of future conditions involved. For example, the
determination of maximum concentrations associated with attainable uses generally
requires sbme predictive modeling. These types of information goals are not as
important initially for the screening-level assessment as other types of baseline
information goals for ambient conditions given limited resources. Some of thesé
goals could be addressed at a later time after the screening-level assessment for
targeted stream segments or sources.
423 Quantitative Information Goals

Quantitative information goals must be well defined for the screening-level
assessment information goals listed above in order to develop an effective assessment
methodology. Specific quantitative information goals, however, cannot be defined

for some of the assessment information goals because they are qualitative in nature

and camnot be specified in quantitative terms. In any case, each assessment.

information goal is discussed in more detail below.

423.1 Designated, Existing, and Attainable Beneficial Uses of Stream
Segments |

The designated, existing, and éttainable beneficial uses of stream segments must

be identified and are generally described in qualitativé terms, as discussed in Chapter

2. The total number of uses for a specific segment should also be determined.

Designated uses are determined by the state environmental or water resources
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regulatory agencies, although as stated previously, these designated uses might not
always be appropriate for a given stream segment or assigned using optimal methods.
The actual existing uses might be different from the designated uses and can be
determined by evaluating the historical and current uses of stream segments. This
may include deriving information regarding the aquatic ecology of the system
including number, species, diversity, and biomass of fish, and the physical habitat.
The attainable uses are the potential uses for the stream segment if contamination
was not present and must generally be determined by implementing a use
attainability analysis that includes a water body survey and assessment. This is
generally a fairly expensive process, é.nd should be performed only for those segments
for which significant problems likely exist and restoration is seriously being
considered. The actual desired designated beneficial use, known as a "goal" in
Colorado, may be different than the current designated use and the attainable use.
Although it can be the attainable use, it can also be a more practical use that can
realistically be achieved given limited resources or technologies. The desired
designated use is a goal that must be selected based on consensus among all
stakeholders including regulatory agencies and the public. who will be using the
resource, and should be based in part on the attainable use, background loadings and
concentrations of contaminants, regional coﬁcerns, public support, economics, fund_ing
availability, and availability of remedial technologies. For segments with multiple

desired designated uses, numeric goals are set based on the most restrictive use.
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4232 Numeric Water Quality Standards and Maximum Concentrations
Associated with Uses

Numeric water quality standards for specific water quality variables are associated
with each designated beneficial use. These are assigned by the state environmental
or water resources regulatory agency, using either prescribed state or national criteria
for each constituent, or by developing site-specific standards. Development of site-
specific standards is typically a fairly expensive process, and should only be
performed for those segments of the highest priority. Variables of concern at IAMs
for which standards can be defined include total and/or dissolved metals, acidity or
pH, sediment (including substances that settle to form bottom deposits that can be
either clean or toxic), and whole effluent toxicity (WET). Biological criteria can also
be defined and used to set standards. Maximum or “target" concentrations are
associated with the existing and attainable uses. For existing uses, these maximum
concentrations can be considered ambient water quality criteria. For aquatic life
uses, maximum concentrations are typically acute and chronic aquatic life criteria
with a 1-day duration and a 4- or 30-day duration with a frequency of three years,
respectively. The numeric standards and maximum concentrations associated with
the uses might not always be appropriate and/or determined using optimal methods.
In some cases, for example, ambient standards significantly higher than the acute or
chronic aquatic life criteria may be used for segments not classified for aquatic life
even though a viable fish population might exist or have existed in the past. In other

cases, the data used to derive the ambient standards may also not be adequate or

. representative.
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CDPHE determines numerical standards for dissolved zinc concentrations using
one of three different methods:

1. TVSs that specify the following formulas:

Acute = e©#73InMardaces)) +0.8604)

Chronic = e©-8730n(ardness)]+0.7614)

2. for the chronic standard, ﬁmbient quality-based standards based on the
concentration of the 85th percentile of the metal cumulative frequency
distribution based on available "representative" data

3. site-specific-criteria-based standards using bioassay or use attainability data

For the first method, the hardness value is based on either the lower 95 percent

confidence limit of the mean hardness value at the‘ periodic low flow criteria as

determined from a regression analysis of site-specific data, or on other representative
or regional data.

If no dissolved zinc data are available, numerical standards for total zinc
concentrations can be computed using the concentration of the 50th percentile of the
metal frequency distribution. According to the first method for dissolved zinc and
the method for total zinc based on the estimated annual frequency distributions,
there will be a 15 and 50% risk, respectively, that the estimated standards will be
exceeded anywhere in the stream segment at any time during a year. The risks that
the concentrations (standards) computed using the hardness data will be exceeded
can also be estimated using derived cumulative frequency distributions. These issues
related to frequency and risk are also discussed in Section 4.2.3.11
4233 Maximum Loadings Associated with Uses

A maximum loading from the watershed to the stream segment is associated with

each numerical water quality standard or maximum concentration and, ultimately,
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with each beneficial use. This maximum loading can be estimated from existing data

for existing uses or ambient conditions, as discussed in Section 4.2.3.9. For attainable

or desired designated uses, however, these loadings must be estimated using some
type of predictive modeling, as is used for the TMDL/WLA process for water-quality
limited stream segments ﬁnpacted by point sources. Some modifications of this
method could be required to account for diffuse loadings under high flow conditions.
4234 Type and Extent of Water Quality Impairment and Critical Conditions

This information is related to the beneficial uses, the magnitude of concentrations
and loadings, and the frequency and duration of exceeding numeric water qualify
standards, target concentrations, or target loadings. For stream segments with
aquatic life uses or potentially attainable uses, information on the locations, stream
length, and degree of impaired aquatic ecology is required. This may include
delineating areas with exceedances above acute and chronic standards on an annual
or seasonal basis. Identification of seasonal problems can help define the critical

conditions céusing the impairment. Identification of the type of pollutant causing-

impairment is also important. Types of pollutants might include dissolved and/or

total metals concentrations and loadings, acidity and low pH, and sediment.
4235 Reductions in Concentrations and/or Loadings Required to Achieve
Desired Beneficial Uses

The reduction in concentrations and/or loadings required to achieve the desired
designated uses, target concentrations, and/or numeric standards is very important
information for evaluating the feasibility and costs of remediation and must generally
be determined using some type of predictive modeling. This reduction may be
expressed as a percent reduction. The methods used for the TMDL/WLA process
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might be applicable, although some modifications of the method could be reqﬁred.
4.2.3.6 Areal Extent and Contamiﬁant Concentrations of NPSs

The aerial extent of NPSs may be an indicator of potential loadings to a water
body and includes the areas for individual large sources or sources that are believed
to be significant metals contributors to the stream segments of concern. It also
includes the total NPS areas within individual subbasins and within the entire
watershed of interest. The NPS areas can be expressed as total areas (acres, square
miles, etc.) as well as the percentage of NPS areas relative to the total area of an-
individual subbasin or of a watershed. The areal extent of NPSs in a watershed can
also be used to estimate costs of remediation. For individual waste areas such as
tailings’ piles, the volume of waste'material is also important information that may
be an indicator of loadings and can be used to estimate costs. All of this information
can be derived from site maps, gerial photographs, and field reconnaissance
(inventories). Contaminant concentrations or total mass within the NPS area may
also be an indicator of loadings to downstream receiving watefs. Concentration can
be expressed as masé per unit mass or as a percentage based on limited areally-
composited sampling.
4.2.3.7 Distances Between Sources and Watercourses and Impaired Stream

Segments

The distances between sources and watercourses and between sources and the
imi)aired stream segment should be determined for individual large source areas or
areas that are believed to release significant quantities of contaminants, as well as
for individual subbasins and/or watersheds that can contribute to a stream segment
of concern. Greater losses generally occur with increasing distance, and the distance
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is related to the estimation of first order kinetic losses and travel time. The distance
can be expressed in miles or feet. Any obvious isolating factors where losses of

loadings can occur, such as impoundments, dams, or surface water features that are

- dry most of the time, should be described and delineated on a map. This

information can be obtained from site maps, aerial photographs, and field
observations.
42.3.8 Locations of Loadings to and Losses from Stream Segments

The locations of loadings of metals to stréam segments should be determined
based on monitoring data and field observations. Individual sources near the
segment that could be contributing directly to the segment should be identified and
delineated on the site map. Tributaries (subbasins and/or watersheds) that are
contributing metals to the segment should élso be identified and delineated. Some
of the locations of loadings can be monitored directly in the drainage from an
individual source adjacent to the stream or at the mouth of a tributary. Alternatively,
the locations of loadings can be estimated using the NPS reach gain/loss analysis
approach by_ bracketing individual source areas, tributaries, or more widespread NPS
areas. Estimates of locations of loadings can also be made using visual observations
of areas of erosion and sediment deposition, staining and discoloration, metal
precipitation, etc. The locations of losses from the stream segment must be
estimated using the NPS reach gain/loss analysis (negative differences in loadings
between adjacent stations) and/or visual observations.
4239 Magnitudes of Concentrations and Loadings

Finite resources dictate that the magnitudes of pollutant concentrations in and
loadings to a stream segment must be estimated with limited data. Uncertainty.of
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the values will be associated with every measurement and should be estimated
explicitly to provide an indicator of the confidence associated with subsequent
management decisions.

Required information related to magnitudes of concentrations in a stream
segment that is most common among agencies and water quality studies in general
is as follows:

° mean concentration and 90% (or 95%).CI for each season and for a year

° median concentration and other percentiles and 90% (or 95%) CI for each
season and for a year

° standard deviation of concentrations and 90% CI for each season and for a
year
° minimum and maximum concentrations for each season and for a year

Although annual values are not generally recommended due to the potential for
significant seasonality, most numeric water quality standards for stream segments are
currently established on an annual (not seasonal) basis.

Required information related to magnitudes of loadings to stream segments that
is most commoﬂ among agencies and watef quality studies in general is as follows:

o mean daily loading for each season

o mean daily loading for a year and 90% CI

° total loading for each season and for a year

° percentage of mean daily and total loadings from a specific source relative to
all loadings to a stream segment for each season and for a year

o percentage of total loadings for each season relative to total loading for a year
from a specific source

° standard deviation of seasonal mean daily and total loadings and 90% CI for
a year
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° minimum and maximum seasonal mean daily and total loadings for a year

This information might be required from all contributing first order subbasins, from
each type of source (background, point sources, and NPSs), from an individual
source, from an individual subbasin, and from a watershed to a stream segment. In
addition, for each of thesel sources except for point sources, the required information
that is most common is as follows: |

° mean (and median) daily unit area loading and 90% (or 95%) CI for each
season and for a year

L total unit area loading for each season and for a year

° percentage of total unit area loadings for each season relative to total unit
area loading for a year from a specific source

° standard deviation of seasonal mean daily and total unit area loadings and
90% CI for a year

° minimum and maximum seasonal mean daily and total unit area loadings for
a year

Ninety or 95% CIs are standard CIs used in water quality assessment. A 90% CI
might be preferred given the general lack of data at these sites, particularly for a
point and for estimation of the standard deviation.
4.2.3.10 Differences Between Magnitudes of Concentrations in and Loadings
to Stream Segments

Information related to differences in concentrations between two or more
different stream segments and in loadings from different source areas is required for
the targeting approach. Simple comparison or ranking of magnitudes in different
locations is appropriate when beginning the targeting process to identify the worst
areas first. However, as the targeting process proceeds and two or more specific sites

are being targeted and seriously considered for remediation, for example, the
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differences between the sites is required information for actually selecting sites and

will need to be evaluated.

Required information on differences between concentrations in different stream
segments that is most common among agencies and water quality studies in general
includes the magnitude of differences and relative differences between mean (and
median) concentrations for a season and between concentrations for é'year.

Required information related to differences between loadings across locations
that is most common includes the magnitude of differences and relativé differences
between mean daily (and total) loadings for a season and between mean (and
median) daily (and total) loadings for a year. This information is required for
differences between loadings from all first order subbasins contributing to different
stream segments. It is also often required for differences between loadings from
different types of sources (background, point sources, and NPSs), different individual
sources, different individual subbasins, and from different watersheds to an individual
stream segment. In addition, for each of these sources except for point sources,
required information related to differences between loadings that is most common
includes the magnitude of differences and relative differences between mean (z_md
median) daily (and total) unit area loadings for a season and between mean (and
median) daily (and total) unit area loadings for a year.

In most cases the absolute magnitude of the difference in concentrations or
loadings between two areas is not as important as the relative difference.
Information on the magnitudes at each location and direct comparison by observing
the values and relative differences at multiple locations, ranking the values, and
computing relative differences is most common. However, the confidence in the
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relative differences is desirable and must be estimated by first estimating the
coﬁfidence in the absolute differences.

In some cases, the significance of the differences is needed in order to decide
which area is worse with an acceptable degree of confidence. This is the case with
many common environmental studies, and hypothesis tests have been used extensively
for environmental pollution monitoring throughout the years. However, it has been
shown that hypothesis testing has severe shortcomings with regard to decision-making
and is generally not recommended (McBride et al., 1993). The interval estimation
of differences, as discussed above, is preferred.

423.11 Frequency or Risk of Exceeding a Target Concentration in and
Loading to a Stream Segment

The frequency or risk of exceeding a specific concentration in a stream segment
is very pseful information, especially for establishing ambient stream standards. The
90 or 95% CI for the estimated risk is also useful because it provides an explicit
estimate of the uncertainty associated with the estimated risk. This information
might be required at different time scales including a year, a season, or for a longer
time period such as three years. This type of information is also useful for loadings
to a stream segment. The frequency or risk and 90 or 95% CI of exceeding a target
loading (such as a TMDL) is useful information at the different time scales of
interest. This information can be required for the frequency of exceeding a target
loading from all first order subbasins contributing to a stream segment, or from each
type of source (background, peint sources, and NPSs), from an individual source,

from an individual subbasin, or from an entire watershed to a stream segment.
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4.23.12 Remedial Technologies Available and Costs

Appropriate remedial technologies must be available to apply to targeted source
areas and stream segments. The types émd availability of remedial technologies for
specific types of sources_and impaired stream segments. is information required for
targeting. Most technologies for control of NPS pollution are BMPs, and are readily
available. Technologies that are passive in dperatibn and are designed incorporating
the natural features of the site (such as topography and existing wetlands) based on
site-specific conditions to minimize long-term operation and maintenance costs are
preferred. Descriptions and appropriate applications of these technologies are
generally presented in the literature and some information on their performance
might be available from the results of various existing NPS control demonstration
projects.

The costs of remediation must also bé estimated in order to target cﬁtical areas.

In addition to identifying the remedial technologies available, the areal extent of

NPSs and volumes of waste material must be estimated to compute costs. The

reduction in concentrations and loadings required to achieve the desired designated
beneficial uses by applying these technologies must also be estimated in order to
evaluate costs.
423.13 Fuﬁding Availability and Public Support for Remediatioﬁ

Funding and public support for remediation of particular source areas and stream
segments must be available. Public support will generally lead to more funding.
Information regarding this availability is required for targeting areas for remediation.
This type of information must be obtained from local citizens, mining companies, and
local, state, and federal agencies with jurisdiction in the area of interest. Public
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support can often be gained by providing appropriate information to the public
regarding the problems in the area and the potential remediation schemes, as well
as by including citizens in the entire planning, assessment, and remediation process
by soliciting their input at public meetings and including them on steering
committees. This public involvement is critical for a successful mine remediation and

NPS control project given limited resources.
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50 DATA ATTRIBUTES

In this chapter attribut_es of data derived from. typical éynoptic surveys of IJAMs
are identified. These attributes might ixhpact data analysis methods used to reach
the defined quantitative information goals and must be dealt with prior to or within
data analysis. In Appendix A, the attributes are discussed and evaluated using data
from case study IAMs: the Upper Animas River Basin near Silverton in the San Juan
Mountains in southwestern Colorado and the Pecbs (Tererro) Mine near Santa Fe
in northern New Mexico (discussed in the next section). These attributes affect the
applicability, choice, and interpretation of specific data analysis ﬁethods.

Attributes of typical IAM data that are important in the identification and
selection of analysis methods and are evaluated as part of this study include (Adkins,
1993):

measurement error and variability

‘sample size

multiple observations for a single sampling time
censoring

changing sampling frequencies and missing values
nonnormality

seasonality

Serial correlation and outliers are data attributes that are not examined as part
of this study. Serial correlation is typically a problem when analyzing data for trend
and for some tests for seasonality. This data attribute is not generally a concern for

the analysis of data derived from IAMs using synoptic surveys for the following

reasons:
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1. Data are usually collected infrequently enough (quarterly at most) over such
a short time frame (one or two years at most) that (a) serial correlation is not
a problem and (b) trend analysis is not practical and the existence of temporal
trends is not an information goal for targeting or screening-level assessment.

2. Some types of tests for seasonality that must make use of data derived from
high frequency monitoring are usually not feasible based on the synoptic
monitoring approach.

In addition, these data collected over a short time span (i.e., one or two years) are

usually not representative of long-term conditions. It is also assumed for the

purposes of this research that appropriate sample validation and quality control will

be performed by the agency conducting the assessment and measurement or

recording errors will be minimized as part of their overall quality assurance/quality

control (QA/QC) program. Outliers, therefore, will probably represent natural

extreme flows or contamination and are not considered a data attribute that must be
identified, tested for, and eliminated as part of this study. Apparent outliers are
generally data points that must be retained and evaluated with the rest of the data
to derive the desired information.
5.1  Case Study IAMs and Data

Case study JAMs and associated data sets will be used to develop the assessment
methodology. This section presents a brief discussion of the watersheds and
monitoring methods used to derive the data for which attributes will be evaluated
and assessment methods will be developed. The actual detailed evaluation of the
attributes of interest for the Cemeﬁt Creek basin and Pecos Mine site data is
presented in Appendix A.

Data derived from the Upper Animas River Basin have been collected by

CDPHE as part of a NPS demonstration program grant (CWA Section 319) from
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'USEPA (CDPHE, 1992, 1993a). CDPHE has provided all of the data collected and

is seeking assistance in analyzing the data and recommendations for useful data
analysis procedures for targeting critical areas. Four synoptic monitoring events have
been implemented during different flow regimes of interest (Section 5.1.1).

The Upper Animas River Basin above Silverton is an historic metal mining
district whose streams have been severely impacted by mine drainage. The
watershed has an area of approximately 146 mi’ and ranges in elevation from 9,200
feet to over 13,000 feet. Alpine tundra and Englemann spruce-fir forest are the
dominant community types. The watershed is composed of three primary subbasins.
The upper mainstem Animas River subbasin is the largest subbasin and is heavily
impacted by past metal mining activities. Cement Creek joins the Animas River
immediately above Silverton, and the subbasin appears to have been eveﬂ more
severely impacted by past metal mining activities. Mineral Creek joins the Animas
River immediately downstream from Silverton. This sui)basin is also impacted by
past metal mining activities, but not to the extent of the other two subbasins. The
Cement Creek subbasin will be the focus of this study because it is beﬁevéd to be the
most heavily impacted subbasin, and the mainstem of Cement Creek and all of its
tributaries are categorized by CDPHE (1993b) as one stream segment with a
common designated beneficial use classification and associated water quality
standards.

Although data from the Cement Creek basin and the Pecos Mine site will be very
useful for the initial development of the assessment mefhodology', data from other
IAM watersheds will also be useful during subsequent studies to evaluate, test, and
refine the recommended methodology.
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An effective screening-level assessment methodology will probably require the

use of an "indicator" or "representative” metal of concern to initially utilize resources

efficiently for targeting source areas. A simple screening of data (discussed below)

could be used to identify the best water quality variable to use as an indicator metal.

Based on the Cement Creek data, dissolved zinc is the best variable to use as an

indicator and initially to develop a screening-level assessment methodology for the

following reasons:

CDPHE is using dissolved zinc as a representative metal to define loadings
to water bodies in the basin.

A dissolved zinc standard of 225 micrograms/liter (ug/L) for brown trout is
the new water quality goal for the Upper Animas River below Cement Creek.
This is the only new, more restrictive proposed standard in the basin because
zinc is the primary metal of concern.

The fact that zinc is the primary metal of concern is evident from an initial
screening of all of the metals data to estimate and compare the mean

concentrations, maximum concentrations, chronic and acute fish standards,
and number and frequency of exceedances of aquatic life standards and
toxicity and impacts to fish (this screening procedure is discussed in more
detail in Section 6.1).

Zinc is generally present at higher concentrations than most other metals,
thereby increasing the accuracy of the values because they are not as close to
the analytical detection limit as the values for most other metals (such as
cadmium).

Dissolved zinc is relatively conservative (nonreactive) compared to other
metals, making it somewhat easier to evaluate without considering significant

instream processes.

Zinc has a high solubility at pH less than eight, resulting in potential
significant downstream transport.

Other constituents of potential concern in Cement Creek and the Upper Animas

River below Cement Creek include aluminum, cadmium, and iron. Although the

concentrations and toxicity of these constituents are higher in Cement Creek than in
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the other basins, the metals are present at lower concentrations than zinc throughout
all of the basins. These metals are present at toxic concentrations in only a few
areas. Cadmium is similar to and correlated with zinc in that (1) most of the
cadmium is in the dissolved, or bioavailable, form at the pHs exhibited in Cement-
Creek and.(2) cadmium in streams is derived from the same types of source areas
as zinc and is mobilized by acidity. Aluminum and iron, on the other hand, are
different from and might not be correlated with zinc in that tﬁese metals precipitate
out of solution at lower pHs, and are indicative of weathering of pyritic materials in
the watershed. Adsorption and precipitation of these metals onto solids and stream
bed material is a significant problem with regard to impacts to benthic
macroinvertebrate communities (fish food supply) and fish spawning areas. This
appeﬁs to be primarily a problem in the Upper Animas River below Cement Creek.
Overall, however, the problem of metals coatings on the stream bed still does not
appear to be as significant as the toxicity of zinc to fish.

An alternative or supplement to using a screening-procedure as described above
is development and use of a correlation matrix to select an indicator variable.
However, this procedure was not performed as part of this study and should be
evaluated as part of future research.

Although using zinc alone as an indicator metal is sufficient for the initial
development of the methodology given all of the reasons stated above, use and
evaluation of other constituents (such as aluminum or iron) would be valuable and
can be performed during subsequent studies.

Dissolved and total zinc data derived from the Pecos (Tererro) Mine site in
northern New Mexico will also be used to a limited extent. This is a small inactive
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lead-zinc mine where more than ten data points are available for some individual
monitoring station locations or points of interest as a result of quarterly monitoring
for more than two years. Again, zinc (both dissolved and total)- is the primary metal
of concern in this basin. These data will be useful for evaluation of applicable data
analysis methods for individual stations where data are typically lacking; Like the
Upper Animas River Basin, this watershed is forested and has steep terrain in a
subalpine environment.
5.1.1 Upper Animas River Basin Data Collection

CDPHE has collected data from the Upper Animas River Basin during the
following four flow regimes; |
storm flow (9/7/91)
snowmelt flow (6/24/92)

baseflow (10/14/92)
receding limb of snowmelt flow (7/21/93)

BN

Figure 5.1 presents a general map of the Upper Animas River Basin. All
monitoring stations used by CDPHE are shown in Figure B1 in Appendix B. For
synoptic surveys typically used for IAM monitoring and assessment, instantaneous
measurements are common that include concentrations from the analysis of grab
samples and flowrates (cubic feet per second [cfs]) estimated from the velocity-area
method using a current meter. In the case of the Upper Animas River Basin study,
"grab" samples were collected using a standard U.S. U-59 suspended sediment
sampler across the width and depth of the stream cross-section, resulting in a sample
that is actually a depth- and width-integrated composite of the cross section. This
method minimizes the possibility that the sample will not be representative of the

stream water. Samples were filtered (0.45 micron filter) in the field and analyzed at
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the CDPHE laboratory for dissolved (soluble) metals, reported in ug/L. For the
storm event, total recoverable (total) metals were also analyzéd from unfiltered
samples. Measurementsl of field parameters were also .ta.ken and included pH (pH
units), temperature (degrees C), and specific conductivity (umhos).

For the Cement Creek sﬁbbasin, 49 monitoring stations have been used. Some
of these stations monitor background conditions, some monitor NPS areas, and some
monitor point sources. Not all of these stations have been sampled during every flow
regime. Changing sampiing frequencies and missing values, therefore, are the result.
To a certain extent, this is a logicﬁl and practical way to perform the synoptic surveys
because data from one survey can indicate that for th¢ next survey, some locations
should be added to the network to provide additional information or that some
stations do not need to be sampled again because the area monitored is not a
problem or the information derived is repetitive.

512 Pecos Mine Site Data Collection
Water quality data have been collected at the Pecos Mine site quaﬁerly or more

frequently for more than two years using the same methods as discussed above for

the Upper Animas River basin. Standard grab samples, however, have been

collected at this site. In addition to dissolved zinc, total zinc has been measured.
T§vo monitoring stations are loéated in Willow Creek, a small tributary flowing past
a waste rock pile into the Pecos River. One station is upstream from the pile and
is considered a background station. The other station is immediately downstream
from the pile. Two stations are also located in the Pecos River: one is upstream
from the pile and is considered a background statipn, and one is downstream from
the pile.
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5.2  Data Management

Prior to a detailed discussion regarding evaluation of data attributes in Appendix
A, some general discussion of procedures for management of data once they have
been collected is required. A very large quantity of data can be generated from a
monitoring program in a mined watershed -of considerable size such as the Upper
Animas River Basin. For an effective information system and conversion of data to
specific information, data management and manipulation procedures must ultimately
be dependent on the selected data analysis and presentation methods. Data
management, therefore, is actually an ongoing process throughdut the assessment,
and is performed as part of data input, analysis, and reporting.

All data for the Upper Animas River Basin were obtained from CDPHE, and
data from the Pecos Mine site were obtained from the Cyprus Amax Corporation,
in both hardcopy and diskette form. The diskette data were in a spreadsheet format.
All unnecessary or ancillary analytical data for the purposes of this study were
eliminated from a copy of the spreadsheet. Data attributes of each sample that were
retained include watershed, subbasin, stream segmerit, station identification, sample
date, dissolved and total zinc concentrations (ug/L) (and other metals when
required), pH, and corresponding flowrate (cfs). All raw data from a subset of the
stations are presented in columns A through N in Table C1 in Appendix C.

Information goals discussed in Chapter 4 include loadings at each monitoring
station for each measurement. For each Upper Animas River Basin sample,
therefore, daily dissolved zinc loading was automatically calculated in the spreadsheet

using the following equation:
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L = QCK (5.1)

where:
L = constituent loading (grams/day [g/d])
QO = flowrate (cfs)

C = dissolved zinc concentration (ug/L)
K = conversion factor (converts cfs to liters/day [1/d] and ug/L to grams/liter

[g/L))

Loading estimates for a station located immediately downstream from another
monitoring st;':ltion(s) are cumulative and are a summation of the loadings at the
upstream stations and (1) any other inputs to the stream from the subbasin in
between the upstream and downstream location draining into the downstream station,
and (2) loss of mass from the stream. A NPS reach gain/loss analysis, therefore, was
used. This method uses measured loadings at each monitoring station to estimate
additional loadings and potential losses of contaminant mass that are not measured
directly (CDM, 1990; CDPHE, 1993a). Loadings measured in streams at an
upstream point (in some cases, up to three upstream points) (Q,,C,p---,Q.;C.3) were
subtracted from the loadings measured at the adjacent downstream point (QLC,) to
estimate NPS loadings to the stream from the subbasih between the two points using

the following equation:
L=Qdcd—Qu1Cu1_ vy "Q@C,d (5.2)

If the loading at the downstream point is less than the total loadings at the upstream
points,- an overall loss of mass in the channel can be assumed. This loss may be
attributed to and indicate areas of infiltration to groundwater, metals adsorption to
or precipitation on solids, biotic u'ptaké, etc. for dissolved metals, or dissolution or
sedimentation, etc. for metals associated with solids.
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In cases where the loading estimated using this procedure was negative for the
purposes of this stﬁdy, a loading of zero from the first order subbasin between the
upstream and downstream monitoring stations was assumed. This is considered an
indirect estimate of the lower limit of the loading to the system from the subbasin,
and an indirect estimate of the lower limit of losses from the sfream (i.e. losses from
the stream must be greater than zero). The estimate of zero loading from the first
order subbasin was then lumped with the other loadings from first order subbasins
estimated directly from measured data and conéidered one population for the
purposes of evaluation of data attributes and data analysis. All loading estimates are
presented in column O in Table C1 in Appendix C.

Information on unit area loadings (Us in grams/acre-day) for each first order

subbasin was also identified in the quantitative information goals. These units of

‘'measurement are required because loading is a function of flow which is in turn a

function of the area of each contributing subbasin area. The daily loading data is
normalized by dividing the loading (L) for each subbasin by the corresponding

subbasin area (A in acres) as follows:

(5.3)

G
1]
|t

These unit area loadings to each stream segment of interest can then be grouped
together and analyzed as one population of interest, as discussed in Chapter 4 of this
report. The area of each subbasin was estimated using the following procedure:

1. Obtained USGS 1:24,000 scale topographic maps of the Cement Creek
watershed.

2 Identified each monitoring station location on the maps.

2. Delineated the subbasin draining into each station on the maps.

3 Estimated area of each subbasin using a planimeter.
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Unit area loading estimates are presented in column AA in Table C1 in Appendix
C.

Detailed discussion of specific data management procedures for the evaluation
of data attributes is presented iﬁ the discussion for each data attribute in Appendix

A
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6.0 DATA ANALYSIS METHODS
Seven of the quantitative information goals identified in Chapter 4 have been
selected to apply, evaluate, and recommend specific data analysis methods as part of

an overall assessment methodology for IAM:s:

1. Type and extent of water quality impairment and critical conditions.
2. Areal extent and contaminant concentrations of NPSs.
3. Magnitudes (and associated uncertainty) of concentrations in and loadings to

stream segments.

4. Locations of loadings to and losses from stream segments.

5. Distances between sources and watercourses and impaired stream segments.

6. Differences between magnitudes of concentrations in and loadings to stream
segments. :

7. Frequency or risk (and associatéd uncertainty) of exceeding a target

concentration in and loading to stream segments.
This chapter discusses specific data analysis methods that can be used to reach each
of these information goals. It also presents methods for information presentation,
interpretaﬁon, and use as part of the targeting process. The methods presented are
applied, tested, and evaluated using data from the Cement Creek basin in Appendix
D. The metllods will be considered useful if the information goals can be achieved
and if impaired stream segments and source areas can be targeted for remediation
in an efficient manner. After the specific methods are applied and evaluated, the

overall assessment methodology, which is a logical integration of many of the
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different specific methods discussed in this chapter, is formalized and evaluated in

Chapter 8.

6.1 Information Goal #1. Type and Extent of Water Quality Impairment and
Critical Conditions

It is difficult to define this information goal in specific quantitative terms. This
information is related to the beneficial uses, the magnitudes of concentrations and
loadings, and the frequency of exceeding numeric water quality standards, target
concentrations, or target loadings. It is also related to the locations of l_oadings
because locations help define the extent of the impairment.

The type of impairment in the stream segment is often known in general terms
prior to the assessment phase. Knowledge of some type of impairment is usually the
initial catalyst for the assessment and targeting process. The type of impairment is
usually defined in terms of the type of beneficial use impairment, as discussed in
Chapter 4. It can also be defined by the following:

° specific pollutants or combination of pollutants causing the impairment (these

might include metals concentrations and loadings, acidity and low pH, and/or
sediment/precipitates)

o whether high concentrations or high loadings (and subsequent
precipitatmn?adsorption, deposition, or high concentrations) are causing the
problem

° whether dissolved metals or adsorbed metals are causing the problem

° whether it is an acute or chronic problem

All of these issues can also help define the critical conditions causing the impairment.
Critical conditions can also be defined by the existence and magnitude of seasonality

of loadings and concentrations and by differences in seasonal values.
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Methods for evaluating seasonality are discussed in Appendix A, and differences

in seasonal values are discussed for information goal #3. These methods would be

useful for helping to determine critical conditions.

The pollutants causing the problem can be identified by sampling and analysis
(estimation of magnitudes) of a range of constituents that could be problems (i.e.,
zinc, ifon, and sediment). A simple screening procedure can be used to identify the
primary constituents of concern that might be used as indicators of the worst
problems and for carrying through the entire assessment. - This could first involve |
estimating the mean §alue and maximum value (using the methods discussed for
information goal #3) for each potential constituent of concern (metal) within the
basin and identifying which analyte concentrations appear highest. Potentially
applicable standards should also be computed, especially for protection of aquatic
life. These can be derived from the state environmental protection or water
resources agency. The number or -frequency of exceedances. of the most.stringent
standards can be computed and is a good indicator of which metals are problems and
should be evaluated in detaﬂ.

Whether high concentrations or loadings are causing the problem can be
complex, but both are also evaluated as part of information goai #3. Sampling and
analysis of both dissolved and total metals concentrations and computing .the ratio
of dissolved concentrations to total concentrations can be used to aid in determining
if dissolved or adsorbed metal concentrations are the primary problem. Whether it
is an acute or chronic problem can be determined by first estimating magnitudes and

then determining whether acute or chronic standards are exceeded.
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The extent of the water quality impairment is usually defined in terms of the
degrée of beneficial use impairment. For most stream segments, this will include
information on the locations, stream length or area, and frequency and duration of
contaminant concentrations exceeding water qualify standards or target
concentrations. For stream segments with aquatic life uses or potentiaﬂy attainable
uses, this type of information on the extent of impaired aquatic ecologic conditions
is also required. This might include delineating areas with exceedances above acute
and chronic standards on an annual and seasonal basis. Once the magnitudes of
concentrations and loadings are estimated using the methods discussed for
information_goal #3, the locations and stream length of concentrations exceeding
standards can be determined (also using methods discussed for information goal #3).

The frequency of concentrations exceeding standards and loadings exceeding
target values is addressed under information goal #7.

6.2  Information Goal #2. Areal Extent and Contaminaﬁt Concentrations of NPSs

The aereal extent of NPSs includes the areas for individual large sources or
sources that are believed to be significant loaders to the stream segments of concern.
It also includes the total NPS areas within individual subbasins and within the entire
watershed of interest. The NPS areas can be expressed as total areas (acres, square
miles, etc.) as well as the percentagé of NPS areas relative to the total area of an
individual subbasin or a watershed. This information must be estimated from site
maps, aerial photographs, and field reconnaissance during the inventorying of sites.
The field reconnaissance is pérticularly important for estimating areal extent because
these features are not always easily distinguishable on small-scale maps and aerial
photographs. Contaminant concentrations can be expressed as mass per unit mass
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or percentage based on limited areally-composited sampling. Volumes of waste
material can also be estimated in the field in cubic feet or yards.
6.3 Information Goal #3. Magnitudes of Concentrations and Loadings

The magnitudes of metals concentrations in and loadings to stream segments
must be estimated with limited data, and the uncertainty of the values should also
be estimated to provide an explicit indication of the uncertainty associated with the
assessment and subsequent management decisions.
6.3.1 Concentrations

Section 4.2.3.9 in Chapter 4 presented in detail the quantitative information goals
for magnitudes of concentrations in stream segments. This section discusses methods
that can be used for deriving this information for IAMs.
6.3.1.1 Mean, Median, and CIs of Concentrations

As discussed in Appendix A, the mean and median are statistical estimators of
the central tendency of a population, while the CI is an estimate of the confidence
or uncertainty of the estimator. The mean might not be a good estimator of central -
tendency or average conditions if the population distribution is not' normal (right
skewed) or there are large extreme values or outliers. The population mean () can
be estimated by the sample mean (x) using Equation A.2.

The population mean concentration in a stream segment for a season can be
estimated by the sample mean concentration for a season ((_,',) using Equation A.2

where:

x|
Qi

x; = C; = concentration for sample i
n = n, = sample size for concentrations for season
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If multiple stations within the segment are used to estimate the mean for the season, -
then n is equal to the total number of samples collected at these stations during the
season of interest. It is implicitly assumed that the concentration measured at each
station during that season is generally representative for that station for that season,
but not necessarily for the whole segment. If only one station is used to estimate the
mean in the segment for the season, n is equal to 1 and a true seasonal mean cannot
be computed. It is also assumed in this case that the concentration measured at the
station is representative for that station for that season. This may be an adequate
assumption for baseflow conditions, but not necessarily for snowmelt or storm flows.
Variability in runoff temporal and spatial patterns can make instream concentrations
highly variable during a givc;n storm or snowmelt event or among events. However,
if the storm or snownielt event sampled is generally representative of average storm
or snowmelt conditions, this assumption may be reasonable.

The mean concentration in a stream segment for a year can be estimated by the

sample annual mean concentration ((_,'a) using Equation A.2 where:

J; = S:, = sample size for concentrations for year

and x; is déﬁned as above. If multiple stations within th_e segment are used to
estimate the mean, then n is equal to the total number of samples collected at these
stations ihroughout the year. If, however, only one station is used to estimate the
mean in the segment for the year, » is equal to n,, (the number of seasons is equal
to 4) and includes each seasonal concentration value.

The 100(1-a)% CI width about the sample mean (CI,) is computed using

Equation A.7. For the sample seasonal mean concentration 100(1-o)% CI width

117



(Cl.):

Veo = (nc.r'l) L .
s = 5, = sample standard deviation for concentrations for season

For the sample annual mean concentration 100(1-a)% CI width (CI,_,):

V=V, = (noa'l)
s = s, = sample standard deviation for concentrations for year

The sample standard deviation (s) and the variance (s?) are éstimators of the
variability of the population of interest. The sample variance is computed using
Equation A.8. For the sample standard deviation of the céncentrations for a season
(s,) and the variance for a season (s..%), n, ¥, and x, are defined as above for C,. For
the sample standard deviation for a year (s,,) and the variance for a year (s,%), n, x,
and x; are defined as above for C—'a.

The sample median (x,) is the 50th percentile of any sample distribution, and is
generally a better estimator than the mean of central tendency or average conditions
for nonnormal (right skewed) distributions because it is based on the ranks of the
data and is not as sensitive to large extreme values or outliers. In many cases for
screening-level studies, it is assumed that the distribution of interest follows a normal
distribution. In some cases a lognormal distribution is assumed because the data
appear nonnormal. The importance of the normal assumption is indicated by the
amount of nonnormality as measured by the skewness (discussed in Appendix A) or
difference between the mean and median. For example, if the mean and median
values are fairly close, the distribution might be close to normal, and the normal
assumption might be adequate. If, however, the median is significantly smaller than

the mean, as is the case for most of the zinc loading data, the distribution is not
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normal, and the assumption of normality is not valid. In this case, estimating mean .
values would probably overestimate average conditions, thereby biasing decisions
regarding targeting. However, mean values would still be correct for use in
estimating the total mass loads for a given season or year.

The x4, is computed using the procedure discussed in Appendix A and equations
A.9 and A.10. For the sample median concentration in a stream segment for a
season (C,.), x; and n are defined as above for 5,. For the sample median
concentration in a stream segment for a year (C,,,), x; and n are defined as above
for (_Ja. The 95% CI about xs, (CI,,) can be derived from Table Al4 in Gilbert
(1987). The 90% CI,,, can be derived from Geigy (1982, pp. 103-107).

In some cases, a quantile (x,) other than x,, is needed, such as when determining
an ambient stream standard based on the concentration of the 85th percentile of the
data (xz). A simple nonparametric method for e'stimating quantiles is to ﬁse the
order statistics discussed above for x;, (equations A.9 and A.10). To estimate x,,

compute the following:
k=p(n+ 1) (6.1)

If k is an integer, the estimatedpth percentile, x,, is the kth order statistic x,,; (the kth
largest datum in the dlata set). If k is not an integer, x, is derived using linear
interpolation between the two closest order statistics (Gilbert, 1987).

In this case the nonparametric confidence limits for the true pth quantile (x,) can
be computed using the procedure described by Conover (1980, p.12) with his Table

A3 if n < 20. If n > 20, compute the following:
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1 = p(n+1) - Z,_,[np(1-p)]1"”? (6.2)
and
u = p(n+l) + Z,_,[(np(1-p)]"” (6.3)

where:

! = lower confidence limit

u = upper confidence limit

Z = standard normal deviate
The actual lirﬁits (because ! and u are usually not integers) are obtained by linear
interpolation between the closest order statistics.

Several alternatives to the sample mean and median concentration in a stream
segment with multiple stations as computed above are available for estimation of
average conditions. These include annual and seasonal stream-length weighted and
flow weighted mean concentrations, and annual time weighfed mean concentrations.
It is not quite as straightforward, however, to derive CIs for weighted means.

The weighted mean (x,) for an area can be computed using the following

equation:
%, = Y xf, (6.4)

where:
f; = fraction or weight for ith datum

In this case, the CI width for the weighted mean (CI,,) can be computed as:
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CI,, =t _« yfVar(x) - ta«  Var(x,) (6.5)
2’ 2’

where:
Var(x,) = s?)_ f; (6.6)
i=1

This equation assumes that the covariances of the x;s are not significant or are equal
to zero. This is the same assumption that is usually made for estimating the variance
of the arithmetic mean.’

The stream-length weighted mean concentration for a season (C_,‘,w,) or for a year
(E',wa) incorporates some of the spatial variability between stations into the estimate,

and is computed using Equation 6.4 where for a season:

w Clw.r
or for a year:
Xy = CIM

and for both:

f: = fu = stream-length fraction for station (stream length for station divided
by total stream length)

C; and n are defined as above for either E‘, or (—,‘a. The stream length for each station
is determined by marking the midpoint along the stream between each station and
all adjacent stations on a topographic map and measuring the distance between
midpoints on either side of each station. If a tributary is located between two
adjacent stations, the tributary is the midpoint. If only one station is located in a
stream or tributary, its length is taken as the entire length of that segment. For

stations that are farthest upstream, the stream length is measured from the
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uppermost point of the channel to the midpoint downstream of the station. The
stream length for each station is then divided by the total length of the stream
segment of interest to obtain a stream-length fraction for each station. The
concentrations for each station are then multiplied by the fraction for the station, and
all of these results are summed to derive a stre_am-length weighted mean
concentration for the segment.

The flow-weighted mean concentration for a season (E'fw,) or for a year (E‘,m)
incorporates some of the flow variability among stations into the analysis. Equation
6.4 is used where:

w = éj’ws or
x, = Cpq

; = f = flow fraction for sample (flow measured with sample divided by total
flow measured with all samples throughout stream segment)

tadl

C, and n are defined as above. The flow measured with each sample is divided by the
iotal flow measured with all samples throughout the stream segment to derive the
flow fraction. Alternatively, the flow-weighted mean concentration could be
computed by summing the loadings for every sample, and dividing this sum by the
total flow measured with all samples throughout the segment.

Estimation of the annual time-weighted mean concentration (E',.m) is a little more
complicated because time weighting is a more subjective endeavor based on the
annual hydrograph. This time weighting method incorporates some of the annual
temporal \iariability into the analysis, and is therefore not applicable to estimation

of seasonal mean concentrations. The time length for each flow regime can usually

~ be determined by evaluation of a hydrograph from a nearby gaging station.

Sometimes a USGS or other station is located within the watershed of interest.
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Many other times, however, the closest gaging station must be utilized to estimate
the time periods for flow regimes or seasons. The time length for each flow regime
(and sample) in days is divided by 365 days to obtain a time fraction for each season.

Equation 6.4 is then used where:

;,.w == f_S": time fraction for sample (time length in days for season sampled
divided by 365 days)

The stream-length weighted or flow-weighted methods for each season can also
be combined with the time-weighted method to derive an annual stream-length and
time-weighted mean concentration, or an annual flow- and time-weighted mean
concentration.
6.3.1.2 Standard Deviation, CI, and Minimum and Maximum of

Concentrations

The sample seasonal (s.,”) and annual (s.’) variances of concentrations are

estimated using Equation A.8, and the seasonal standard deviation (s,) and annual

standard deviation (s,) are the square roots of these variances, respectively. The

100(1-a)% CI width for the variance (CI,) is computed as:

(n-1)s?® _ (n-1) s?

T, = 2 2
X n~1.1-§ X n-—1,%

v

(6.7)

where x = chi square

For the sample seasonal concentration variance 100(1-a)% CI (ClI,,), n and s* are
defined as above for CI,,... For the sample annual variance 100(1-a)% CI (CI,,), n
and s? are defined as above for CI,,,. The confidence limits for s, and s, can be

derived by computing the square roots of the confidence limits for CI,, and CI,,
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respectively.

Like the standard deviation, the minimum and maximum (or range of)
concentrations in a stream segment ‘are indicators of the overall variability of
concentrations. These can be determined for a season for a stream segment by
simply observing fhe minimum and maximum concentrations in the segment during
that season. For a single monitoring station for one season, only one value is
available. The minimum and maximum concentrations for a year (for either a stream
segment or an individual station) are easily determined by observing the minimum
and maximum values in any season.

6.3.2 Loadings

Section 4.2.3.9 presented in detail the - quantitative information goals for
magnitudes of loadjngs to stream segments. This section discusses methods that can
be used for deriving this information.

Generally there is greater variability and uncertainty associated with estimates

of loadings than with concentrations because:

L loadings have greater natural variability
2. loading is the product of concentration and flow
3. some loadings for first order subbasins are estimated based on subtraction of

measured loadings between two or more adjacent points
6.3.2.1 Mean, Median, and CIs of Loadings
For an individual station or first order subbasin, the mean daily loading for a

season (l—,d,) is simply the instantaneous measured or computed loading converted to

a daily value, as discussed in Chapter 5. This loading is not actually a mean value

because only one data point is available for each season. It is, however, assumed to
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be a representative daily loading for that station for that season. The mean daily

loading at a station for a year (dea) can be computed using Equation A.2 where:

Xx=1L,
x; = L, = mean daily loading for season i
n =n,(4)

A time-weighted mean d:;.lily loading for a year (Ijm) can also be computed using
Equation 6.4 where n is equal to n,, (4) and f; is defined as above for the time-
weighted mean concentration.

The 100(1-a)% CI and standard deviation for L,, cannot be computed because
n is equal to 1 for an individual station. The 100(1-a)% CI for Ed,, (Cl,.z.) can Be
estimated using Equation A.7, where: '

vV =vy =n,l

S = Sy,

n =n, (4)
The standard deviation for E,,,, (s.) is the square root of s? which is computed using
Equation A.8 as 5,2 where ¥, x, and n are defined as above for L,
6.32.2 Total Loadings |

The total loading at any station or for any first order subbasin for a season (L,)

can be estimated as:
L, =T 4T, (6.8)

where T, is equal to the time period for the season in days (discussed in Section

6.3.1.1). The total loading for a year (L,) can be estimated as:
L = E Lsi (6 . 9)

where:
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L, = total loading for season i

n=n,4)
or as:
L, = Lg,T, (6.10)
where T, is equal to 365 days.
6.3.2.3 Percentages of Loadings

The percentage (Px,) of a value (x;) with regard to all values for a variable

(summation of x,; from i=1 to n) is calculated as follows:

px, = x;
1" " n (6.11)
X

The percentage of the total loading from a particular source relative to all
loadings from all sources to a stream segment for a season (P,L,) can be estimated

using Equation 6.11 where:

Px, = ool )
x; = L, = seasonal loading from source i
n = n,, = number of sources for season

The percentage of the total loading for each season relative to the total loadings

for a year from a particular source (P,L,) is also computed using Equation 6.11

where:
Px; = PL,
x; = L,; = loading from source for season i
n =n,(4)

The percentage of the total loading from a particular source relative to all
loadings from all sources to a stream segment for a year (P,,L,) is also computed

using Equation 6.11 where:
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Px, = P,Ly
x; = L, = annual loading from source i
= n,, = number of sources for year
6.3.24 Standard Deviation, CI, and Minimum and Maximum of Loadings
The standard deviation of L_da was discussed above. The CI,, for Zda- can be

computed using the procedure described for annual concentrations by first computing

CI,. CI, can be computed with equation 6.7 as CI,,,, with n and s* defined as above

 for Eda.

The minimum and maximum seasonal mean daily and total loadings at a station
or from a first order subbasin for a year can be observed directly from the
monitoring déta.

6.3.3 Unit Area Loadings

Section 4.2.3.9 presented in detail the quantitative information goals for
magnitudes qf unit area loadings to stream segments. This section discusses methods
that can be used for deriving this information.
6.3.3.1 Mean, Median, and CIs of Unit Area Loadings

The mean daily unit area loading to a stream segment with multiple loadiﬁgs
(monitoring stations) for a season ((_Jd,) can be computed ﬁsing Equation A.2, where:

x=U,

x; = U,, = mean daily unit area loading for source i
n = n, = sample size of measured or estimated mean daily unit area

loadings during season

[—Id, for a single station or a first order subbasin is simply the instantaneous measured
or computed unit area loading measured during the season converted to a daily
value, as discussed in Chapter 5. This unit area loading is not actually a mean value

%ecause only one data point is available for each season. It is, however, assumed to
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be a representative daily unit area loading for that station for that season.
The mean daily unit area loading for a year ((74,,) can also be computed using
Equation A.2, where:
x .
x; = U, = mean daily unit area loading for source and season i

n = n,, = sample size of measured or estimated mean daily unit area
loadings during year

i n
bl

For one station or first order subbasin, n is equal to n, (4). Alternatively for
multiple stations, I—I,,,, can be computed using Equation A.2 where:

X = l—fd,, = mean daily unit area loading for all sources for season i
n=n,(4)

A time-weighted mean daily unit area loading for a year (ﬁdm) can be computed
using Equation 6.4 where x,, = (—jm x; and n are defined as above for (_]d,,, and f; is
defined as above for an annual time-weighted mean concentration.

The CI, for (74, (CI,,.4) can be estimated using Equation A.7, where:

V =V, =n-l
n o= n,
S = Sy

The CI,, for U,, (CI.....) can also be estimated using Equation A.7, where:

V =V, =n-l
n=n.
S = Sua

Use of this equation assumes that the distribtion is approximately normal.
Alternatively, the natural logarithms of the data can be used to obtain the CI about

the geometric mean.

The sample standard deviation for l_fd, is the square root of s? which is computed

using Equation A.8 as s,° where X, x;, and n are defined as above for l—fd,. The
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standard deviation for l_],,,, is the square root of 5,7, which can also be computed

using Equation A.8 where x, x, and n are defined as above for (7,,,,.

The median daily unit area loading for a season (U,,,) can be calculated using
equations A.9 or A.10, where x, and n are defined as above for ﬁd,. The median
daily unit area loading for a year (U,,,) can also be calculated using equations A.9
or A.10, where x, and n are defined as above for l_]da.

The 95% CI about x,, (CI,,,) can be derived from Table A14 in Gilbert (1987).
The 90% CI,, can be derived from Geigy (1982, pp. 103-107). For the CI,,
associated with the median daily unit area loading for a season (CI,,,), n is equal
to n,, for multiple stations. CI,,, cannot be computed for an individual station
because 7 is equal to 1. For the ClI,; associated with the median daily unit area
loading for a year (CI,,..4.), n is equal to n,, (4) for one station, or is equal to n,,, for
multiple stations.
6.3.3.2 Total Unit Area Loadings

The total unit area loading for a season (U,) can be estimated as:
U, = UgT : (6.12)

where T, is equal to the time period for the season (days) (discussed in Section

6.3.1.1). The total unit area loading for a year (U,) can be computed as:
U, = U,T | (6.13)

where T, is equal to 365 days, or as:
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n
U, =.EU5" (6.14).

I=1
where:

U, = total unit area loading for season i
n =n,(4)

Equation 6.14 results in a time-weighted estimate of the total unit area loading for
a year. Equation 6.13 also results in a time-weighted estimate if 544 is taken as a
time-weighted mean daily unit area loadiﬁg ((_]m).
6.3.3.3 Percentages of Unit Area Loadings

The percentage of the tota-ll unit area loading for a season relative to the total
unit area loading for a year from a partiéular source (P,U,) can be estimated using

Equation 6.11 where:

Pxxi = PaUsi |
x; = U, = total unit area loading for season i
n =n, (4)
6.3.34 Standard Deviétion, CI, and Minimum and Maximum of Unit Area
Loadings

The standard deviation of seasonal and annual mean daily unit area loadings was
discussed above. The CI, for the seasonal mean daily unit area 1oading (CI,.4) can
be computed ﬁsing Equation 6.7 where n and s* are defined as above for ﬁd,. The
CI, for the annual mean daily unit area loading (CI,,,) can also be computed using
Equation 6.7 where n and s? are defined as above for (_]da. The CI s can then be
computed based on the Cl s using the procedure discussed in Section 6.3.1.2.

The minimum and maximum values of l_]d_,, U, I_Ida, and U, on a seasonal and

annual basis can all be observed directly from the monitoring data.
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6.4  Information Goal #4. Locations of Loadings to and Losses from Stream

Segments

The locations of loadings of metals to a stream segment of concern should be
determined based on field observations and observed monitoring data. During field
data collection, individual sources adjacent to or near the segment that could be
contributing directly to the segment should be identified and delineated on the site
map. Tributaries (subbasins and/or watersheds) that are contributing metals to the
segment should also be identified and delineated. Some of the locations of loadings
can be monitored directly in the drainage from an individual source adjacent to the
stream or at the mouth of a tributary. Alternatively, the locations of loadings can be
estimated using the NPS reach gain/loss analysis discussed previously by bracketing
individual source areas, tributaries, or more widespread NPS areas. Estimates of
locations of loadings can also be made using visual observations of areas of erosion
and sediment deposition, staining and discoloration, precipitates, etc.

The locations of losses from the stream segment must be determined using visual
observations and/or the NPS reach gain/loss analyéis. Field observations can reveal
areas of surface water exfiltration to groundwater and isolating features such as
impoundments. The NPS reach analysis can be used .because the losses are
estimated as negative differences in measured loadings between adjacent monitoring
stations.

Once the-loading data are input to the database, the location of each value can
be readily observed from tables developed from the database. These individual
values can later be ranked to more easily determine the locations of the highest

values. The locations of loadings to stream segments can also be easily determined
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by presenting the magnitudes directly overlain on site maps. The individual values,
summary statistics, or bar graphs of the magnitudes can be presented on the maps,
or some type of coding system (such as color coding) can be uséd to represent
magnitudes of loadings or losses in the system. An altefnative to this is to develop
a schematic diagram where the watershed is represented as a system of loadings,
concentrations, and sinks (losses) using lines of different thicknesses or types and/or
presenting values on the schematic. The significant advantage of these methods is
that the magnitudes can be observed directly at their corresponding location in'the
watershed for easier comparison with other values and locations.
 Loadings in the main stem of a stream segment can also be plotted against
distance or monitoring stations along the ler‘lgth of the stream to visually observe
changes and potential locations of loadings and losses. A variation of this method
is to plot loadings to the main stem from the major tributaries that are monitored.
Concentrations in the main stem can also be plotted in this manner because the
locations of high concentrations in stream segménts, and increases in concentrations
along the length of the main stem, can also aid in locating loadings to the segment
and targeting of source areas.
6.5 Information Goal #5. Distances Between Sources and Watercourses and
Impaired Stream Segments
The distances between sources and watercourses and between sources and the
impaired stream segment of concern should be determined for individual large source
areas or areas that are believed to be significant loaders, as well as for individual
subbasins and/or watersheds that can contribute to the stream segment. The
distances can be expressed in miles or feet, or can incorporate more of a qualitative
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rating system including such terms as "adjacent to channel” or “far from channel".
Any obvious isolating factors, such as impoundments, dams, or surface water features
that are dry most of the time, should be described and delineated on a map. This
information can be obtained from site maps, aerial photographs, and field
observations. Field reconnaissance is particularly important for deriving information
on isolating factors because small-scale maps and aerial photographs are generally
limited to interpretation of large features and many of these types of features can
only be observed in the field.

6.6 Information Goal #6. Differences _Betweén Magnitudes of Concentrations in

and Loadings to Stream Segments

The evaluation of differences in concentrations in and loadings to different
stream segments is required for prioritizing and targéting sites for remediation.
Differences have already been discussed in general terms with regard to relative
differences of estimated magnitudes between seasons, between individual points, and
along the main stem of a segment (as changes along the segment). These relative
differences can be observed by directly comparing magnitudes in tables, 1_)ar graphs,
and on maps, and by plotting concentrations versus dist_ance along the main stem of
a segment. Evaluating differences by rankiné values at individual points is discussed
in Section 6.7.

Although in many cases evaluation of relative differences by simply comparing
values by observation is the simplest and most useful method, in most cases targeting
stream segments for restoration requires additional analysis. The differences and
relative differences should be computed and uncertainties of the different values

should be considered when comparisons are made to increase the likelihood that
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correct site prioritization decisions are made.
6.6.1 Concentrations

As discussed in Chapter 4, the required information related to differences
between concentrations in different stream segments includes the magnitude of
differences and relative differences between seasonal mean concentrations and
between annual mean concentrations. The difference (D) between two values (x; and

x,) of a variable is simply computed as:

D=x -x (6.15)

The relative difference (RD) can be calculated as:

RD = = (6.16)

where x, is the smaller value. This provides a measure of the relative difference in
terms of the percent increase of the larger value over the smaller value.
Alternatively, the difference can be computed in terms of the quotient of the larger

value divided by the smaller value:
0=2 (6.17)

This provides a measure of the relative difference in terms of the factor by which the
larger value is greater than the smaller value.

To estimate the magnitude of the difference between mean concentrations in two

 different stream segments for a given season, Equation 6.15 is used where:

‘xl = Csl
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(estimated as the difference between two mean concentrations in the two stream
segments). However, the overlap of the CIs of the two mean values can also be
evaluated. Significant overlap might indicate a small difference, while a small or
nonexistent overlap might indicate a large difference. Given the potentially small
sample si-ze and large CIs computed for IAM sites, however, the CIs usually do
overlap. This could limit the usefulness of this procedure.

The same equation (6.15) .can be used to estimate the magnitude of the

difference between mean concentrations in two different stream segments for a given

year, where:
x; = Cy
X = Ca2

The relative difference is also computed with Equation 6.16 or 6.17. Again, the
overlap of the CIs of the two estimates can also be evaluated.

In some cases, the sigm'ﬁcance of the difference might be required information.
As discussed in Appendix A, hypothesis testing is generally not recommended
(McBride et al., 1993) for most environmental studies. .If it must be used however,
a nonparametric test, such as the Wilcoxon Rank Sum (WRS) test, might be useful
because of the nonnormality of the data. This test is the nonparametric equivalent
of the ¢ test for two samples, and compares the medians of the two sample
populations. The test applies to independent (unpaired) samples. This might be
appropriate for comparing concentrations in two stream segments because data can’t
be paired from two geographically separate stream segments. A 90 or 95%

confidence level (a = 0.1 or 0.05, respectively) should be used for this test.
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- appropriate for comparing concentrations in two stream segments because data can’t

be paired from two geographically separate stream segments. A 90 or 95%
confidence level (a = 0.1 or 0.05, respectively) should be used for this test.
| Multiple box-and-whisker plots, as discussed in Appendix A for aiding in the

determination of seasonality, can also be used to provide a visual comparison of the
statistical characteristics of the concentrations in two different stream segments. This
method can be used to help estimate the significance of the difference between mean
concentrations in two different stream segments for a given season or year.
Differences in the variances of the two data sets can also be observed with these
plots. Bar graphs can also be used to directly compare mee.n. concentrations in two _
or more different stream segments for a given season or for a year.
6.6.2 Loadings

Section 4.2.3.10 presented in detail the quantitative information goals for
differences between loadings to stream segments. This section discusses methods
that can be used for deriving this information.

The magnitude of the difference between mean daily loadings and between total
loadings to two different stream segments, or to one stream segment frorﬁ two

different sources, for a given season can be estimated with Equation 6.15 where:

x; =Ly orL
x; = LyyorL,

The relative difference can then be computed using Equation 6.16 or Equation 6.17.
The same equation (6.15) can be used to estimate the magnitude of the difference
between mean daily loadings and between total loadings to two different stream

segments, or to one stream segment from two different sources, for a given year,
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where:

x; = Ly, or L,
x, =Lyg,o0rL,

Again, the relative difference can be computed with Equation 6.16 or 6.17.

Bar graphs can also be used to directly compare the loadings.
6.6.3 Unit Area Loadings

Section 4.2.3.10 preséhted in detail the quantitative information goals for
differences Between unit area loadings to stream segments. This section discusses
methods that can be used for deriving this information.

In this case, Equation 6.15 is used where:

x; = Uy or Uy
x, = Ugor U,

The relative difference can then be computed ﬁsing Equation 6.16 or 6.17. The same
equation (6.15) can be used to estimate the magnitude of the difference between
mean daily unit area loadings and between total unit area loadings to two different
stream segments, or to one stream segment from two different sources, for a given
year, where:

x; = Uy orU,
x, = UgorU,

The relative difference can be computed using Equation 6.16 or 6.17.

Multiple box-and-whisker plots can also be used to provide a visual comparison
of the statistical characteristics of the two sets of seasonal or annual mean daily unit
area loadings. This method can be used to help estimate the significance of the
differences between seasonal or annual mean daily unit area loadings to two different

stream segments or to one segment from two different sources. Differences in the
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variances of the two data sets can also be observed with these plots. Bar graphs can
also be used to directly compare unit area loadings.
6.7 Information Goal #7. Frequency or Risk of Exceeding a Target
Concentration in and Loading to a Stream Segment

Section 4.2.3.11 presented in detail the quantitative information goals for the
frequency or risk of exceeding a target concentration in or loading to a stream
segement. This section discusses method_s that can be used for deriving this
information.

Exceedances above some critical value or standard can be expressed in terms of

- probability (or inversely, frequency) or risk of occurrence. Each exceedance may be

expressed in terms of frequency, magnitude, and duration. These exceedances may
represent water quality standards violations or threats to aquatic life. The magnitude
and duration of the exceedance will determine whether acute or chronic standards
violations and effects to aquatic life are the problem. These may be exceedances
during any given day, season, year, storm event, or longer period.

The magnitudes and associated frequencies of metals concentrations in stream
segments and loadings to streams exceeding target values can be estimated at many
IAMs. Durations of exceedances, however, are much more difficult to estimate
because data are not typically available for this type of analysis.

The population cumulative frequency distribution must be estimated based on
monitoring data or estimated (modeled) values in order to assess the risk of
exceedances. The probability that a metal concentration (X) observed at random is
less than a given value (x,) is given by the cumulative distribution function (cdf) of
X, denoted as F(x,). Therefore, the probability of this event is:
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P{X < x,] = F(x,) _ (6.18)

If the x, is written as an upper limit standard (x,), the probability that the standard

will be violated is:

P{X >x,] =1 - F(x,) (6.19)

There are two primary methods for estimating the cdf of a population. One
method is a nonparametric approach to derive the distribution. This involves ranking
the observed or modeled data and developing a cumulative plot of the values. This
method is especially useful because, based on ranking the data for the cumulative
distribution plot, a listing of concentrations and loadings from highest to lowest
values is developed that can be used for identifying and targeting critical areas. A
cdf for concentrations in a stream segment for the year sampled can be estimated
using all of the observed data from the segment over that year. This cdf would
provide an estimate of the frequency or risk of exceeding a specific concentration
anywhere in the stream segment at any time during that year. This is especially
useful for determining ambient water quality standards or estimating the risk of
exceeding a numeric water quality standard anywhere in the stream segment. A cdf

for unit area loadings from first order subbasins to a stream segment for the year

| sampled can also be estimated using all of the observed data collected during that

year. This cdf would provide an estimate of the frequency or risk of exceeding a
specific unit area loading from anywhere in the subbasin draining into the stream
segment at any time during that year. In addition, cdfs for concentrations and unit

area loadings for the different seasons sampled can be estimated based on observed
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data that have been grouped by each season (flow regime)l.

In order to develop these cdfs and make them useful for water quality
management, it has to be assumed that each observation represents some finite time
period (is not an instantaneous measurement), such as a mean value for the day or
season sampled. If this assumption is not made, every value will -occur every year.
For the assessment of IAMs, a daily or seasonal value should be assumed. In
addition, signiﬁcantly' different return periods are obtained depending on the
assumed time period. For return periods, each observation usually represents a
maximum value for that period. |

The cdfs estimated using the nonparametric approach are based on ranking the

data as follows;

F (x,) = n’fl (6.20)

where:

m = number of observations less than or equal to x,
n = total number of observations

It is not practical, however, to use this approach with observed data for a single
monitoring station givqn the lack of data (1 data point for a season and 3 or 4 for a
year). Equation 6.20 represents the proportion (p,,) of a population that does not
exceed x,. The CI for a proportion can be obtained using the methods discussed in
Gilbért (1987).

Alternatively, a theoretical population cumulative frequency distribution can be
assﬁmed or fitted (modeled) to the existing observed or estimated data. Typically

in this case a normal or lognormal (skewed) distribution is used because many water
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quality variables generally exhibit thesé types of distributions (Loftis et al., 1983).
In the case of the data for Cement Creek, however, it has already been shown in
Appendix A that the dissolved zinc concentration data and unit area loading data are
neither normal or truly logﬁormal. This limits the applicability and usefulness of this
method, especially given the practicality and usefulness of the nonparametric
'approach._

If adequate observed data do not exist (the sample size is not large enough) for
either method, data can be generated using a Monte Carlo simulation (Haith, 1987;
USEPA, 1992c¢). In this method, distributions for input parameters to a deterministic
or empirical ﬁodel that is used to compute the parameter of interest are estimated
more accurately than the distribution of the parameter of interest itself because a
more extensive historic data record is available for the input parameters (such as for
precipitation). Values from the input parameter distributions are selected randomly,
input to the model, and an output distribution of the parameter of interest is derived.
Haith (1985, 1987a), for example, used an exponential distfibution for precipitation
to generate distributions of pesticide loadings to surface waters using a Monte Carlo
simulation. This method may be especially useful for deriving a frequency
distribution of loadings or concentrations for a point where data are typically lacking.
As the spatial scale increases, however, so does the sample size and the ability to
estimate a distribution based on observed data. This method is more data intensive

and complicated than the other methods that don’t require data generation.
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7.0 DATA GAPS

This chapter discusses data gaps that are common to the data sets typically
developed for the majority of IAMs. These data gaps preclude the use of some types
of useful asséssfnent and data analysis methods. Some of these are data gaps that
have been defined for the Cement Creek data set, and that prevented the use and
evaluation of additional data analysis methods as part of this study that could be
useful for the screening-level assessment and targeting process. A discussion of the
data gaps specific to Cement Creek and this study is presented in Appendix E. It
should be emphasized, however, that overall the data gaps identified for Cement
Creek did not preclude the development of a useful assessment methodology and
targeting within the basin. Most of the Qata gaps discussed in this chapter will be

important for future recommended work on assessment of IAMs. Although for most

~ sites these data gaps are not critical for screening-level assessment and targeting, if

these data gaps are filled the screeninélevel assessment methodology recommended
in the next chapter could be improved. These data gaps will also be important for
the next phase of assessment, i.e., the detailed assessment of targeted sites for
remedial design purposes.

For some sites when adequate resources are available and the missing data are
believed to be critical in the management process, some of these dafa gaps should
be filled to derive specific types of required information. Methods that can be used

to fill these data gaps are discussed in Appendix E.
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Table 7.1 presents a summary of the data gaps that have been identified for the
Cement Creek Basin and that are typical for screening-level assessment of most
TAM:s. ‘The general types of data gaps discussed in this chapter include:

1. water quality data

pA sediment data

3 aquatic ecologic data
7.1  Water Quality Data

As discussed in previous chapters, water quality data at most IAMs are typically
lacking. This is especially true for data from an individual point or monitoring
station. Four data points or fewer are typically available at a single monitoring
station. In other cases, data from specific locations of interest, either at source areas
or in impacted stream reaches, are not available because they have not been
monitored. Contaminant concentration and loading data for extreme flow (storm)
events, which can have significant adverse impacts oﬁ aquatic life, are typically not
available. Accuraté values of conéentrations and loadings during storm runoff events
are difficult to estimate because of the large intra-storm and inter-storm 'variability
associated with these events and because one grab saimple per station is usually
collected for at most one or two events. If the watershed is large, the storm itself
may be spatially variable or cover only part of the basin. However, loadings during
significant storms may be a very large pércentage of the total annual loading at any
point in the basin and may have potentially sigm’ﬁcént acute impacts on aquatic biota
during these events. Therefore, storm runoff events are an important component of
the total ecological risk in a basin, and it is useful to estimate loadings and
concentrations for events of different intensity and frequency. In these cases, some

type of simplified empirical and/or statistical modeling can be performed to fill data
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Table 7.1.  Data gaps for the Cement Creek Basin and that are typical for IAM

screening-level assessment

Water quality data
- total metals for iron and other constituents

Sediment data
- bed material at a subset of stations
- metals concentrations
- grain size distribution
- organic content
- possibly toxicity
- one or two sampling events

Waste materials metals concentrations
- required for modeling for prediction or estimation purposes using
' regression techniques, Universal Soil Loss Equation based methods, or
more sophisticated models

Areal extent and/or volume of NPSs
- USBM and other inventories
- also required for modeling

Modeling might be required to estimate necessary reductions in loadings from
different areas and concentrations in stream segments of interest to achieve
goal '

Aquatic ecological data

- use attainability

- toxicity of water and sediment at a subset of stations
_ - one or two sampling events

- physical habitat for use attainability
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gaps _and generate data.

At most JAMs, either only dissolvgd or total concentrations of constituents are
measured. In most cases, however, impacts to aquatic life are important. Therefore,
information on the dissolved fraction is critical because this is the fraction that affects
biota and many numerical standards are developed for the dissolved fraction. In
other cases where sediment loading and contaminaﬂt adsorption to sediment or
precipitation with pH changes are significant, the total fraction and interactions with
the dissolved fraction can be important. Some standards for metals are developed
in terms of the total fraction. These cases are usualls' fairly obvious based on site
observations of erosion from source areas aﬁd sedimentation within water bodies of
interest. These cases can also be identified based on pre-existing data that have been
collected at the site.

In some cases specific analytes are not measured that could be impacting the uses
of the stréam or that could provide useful .information on cause-effect relationships.
These could include specific metal species, or indicator parameters such as sulfate,
specific conductivity, or hardness. These cases can be identified by analyzing a
complete list of analytes for at least one monitoriﬁg event and comparing observed
concentrations to potentially applicable standards or by evaluating the correlation
between different analytes and observed impacts. Details for identifying the different

cases discussed above are presented in Appendix E in the discussion of how to fill

_data gaps when required.

7.2  Sediment Data
As discussed above, there are many sites where sediment loading. to stream
segments is significant in terms of both the impacts of the sediment itself as well as
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of adsorbed metals. In most cases, data on sediment and/or adsorbed constituent
concentrations are not available during the early phases of assessment.
7.3  Aquatic Ecologic Data

At most [AMs, aquatic ec.ologic data important for evaluating impacts (especially
long-term) of metals concentrations and loadings, as well as other adverse impacts
such as sediment loading or habitat limitations, are not available. Several reasons

exist that cause this situation:

o limited financial resources are available for assessment and biological
sampling and monitoring methods are generally more expensive than chemical
methods

o biological methods are newer and not as standardized as chemical methods

o some stream segments (such as Cement Creek) are so impacted by mine

waste pollution that they are devoid or almost devoid of life (at least fish)

Information on the aquatic ecology and biota of a site is required for a wide
variety of reasons, as discussed for the information goals in Chapter 4. It is generally
recognized that three typés of information are required to evaluate the ecological
effects of contaminant loadings to surface waters (USEPA, 1989b).. The first tybe of
information is the water and sediment chemistry information needed tb evaluate the
magnitudes and variabilities of metals concentrations. This information has been
discussed in previous sections of this report. The second type includes information
on the biology of the stream to determine if adverse ecological effects have occurred.
The third type includes information regarding the toxicity of the contaminants to the
biota to determine if a correlation exists between toxicity of the contaminants and
the adverse effects. Ecological and toxicological information is important for

assessing and remediating IAMs because it can be used to evaluate the aggregate
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toxicity of all contaminants, incorporates the bioavailability of the metals into the
evaluation process, and provides a realistic measure of the magnitude and variation
of biological and ecological effects.

In some cases at IAMs, water quality standards must be derived or revised for
streains segments. According to federal regulations, the state water quality agency
must evaluate and revise standards on a periodic basis (usually every three years) for
all watersheds in the state. When this is performed, information is required
regarding which species exist in the water body and must be protected, the biological
health of the system, and which species could potentially exist in the water body if
the physical and chemical factors impairing the use were cprrected (USEPA, 1983).
When resources are available, a use attainability analysis and water body assessment
is typically performed in these cases. This includes a biological inventory for an
existing use analysis, a biological condition/biological health assessment, and a
biological potential analysis. Information, including biological information, usually
required for use attainability analysis and standards setting is listed in Table 7.2
(USEPA, 1986). For the biological inventory, fish, macroinvertebrates,
microinvertebrates, phytoplankton, periphyton, and macrophytes should be
considered. At a minimum, information is usually required on species numbers and
diversity. of fish and benthic macroinvertebrates at a subset of the monitoring
locations at which water quality is sampled and analyzed. For the biological

condition/biological health assessment, the following information is typically

required:

L species richness or number of species

o presence of intolerant species

° proportion of omnivores and carnivores
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Table 7.2. Ecological information required for use attainability analyses

(from USEPA, 1986)

Physical Information
Instream Characteristics

size (mean width/depth)
flow/velocity
annual hydrograph
total volume
reaeration rates
gradient/pools/riffles
temperature
suspended solids
turbidity
sedimentation
channel modifications
channel stability
Substrate Composition and
Characteristics
Channel Debris
Sludge Deposits
Riparian Characteristics
Downstream Characteristics

Chemical Information

Dissolved Oxygen

Toxicants '

Suspended Solids

Nutrients
nitrogen
phosphorus

Sediment

Salinity

Hardness

Alkalinity

pH

‘ Dissolved solids
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Biological Information

Biological Inventory

fish
macroinvertebrates
microinvertebrates
phytoplankton
periphyton
macrophytes

‘Biological Condition/

Health Analysis
diversity indices
HSI models
tissue analysis
recovery index
intolerant species
analysis
omnivore-carnivore

analysis

Biological Potential
Analysis

reference reach
comparison

Toxicity




o biomass or production
° number of individuals per species

The biological potential analysis evaluates what communities could potentially exist
in a particular water body if pollution were remediated or the physical habitat

modified.

Biological information is very useful on a seasonal basis under different flow
regimes and life cycle stages. These data would optimally be collected during the

same or a subset of the sampling events for the water quality data.
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8.0 RECOMMENDED METHODOLOGY

In tﬁis chapter the methods discussed in previous chapters are integrated to
formulate a logical, comprehensive methodology for the screening-level assessment
of NPS pollution from IAMs to. reach the information goals defined and use the
information for targeting remediation. The specific methods were éhosen and overall

recommended methodology developed based on the following:

° uses a watershed or basin-wide approach for screening-level assessment and
targeting of source areas, metals loadings, impacted stream segments, and
concentrations

o derives required information efficiently and is relatively easy or practical to

implement because resources (time and money) are limited

o is not too data intensive because data are limited

L uses methods that are relatively .widely accepted and used

. is applicable to a wide variety of sites and tnyipes of metals so that it is
somewhat standardized to derive comparable information

° minimizes or considers the uncertainty of the data and information derived

Engineering judgement was also used to a certain extent as necessary.

The assessment information derived and targeting for the Cement Creek Basin
using most of the elements of the recommended methodology are presented in detail
in Appendix D. If any of the other current assessment methodologies discussed in
detail in Chapter 3 were used, at least one of the criteria listed above would not be

met, and, more than likely, several would not be met.

150



The methodology is presented as steps in an integrated assessment process
including definition of information goals; evaluation of existing data/information and
identification of data gaps; planning and data collection (if required), management,
and analysis; and information presentation and use for targeting. Table 8.1
summarizes the overall recommended methodology including each of the items
within the steps. Each step is discussed in more detail in the following sections. In
Section 8.6, the recommended methodology is qualitatively tested and evaluated with
regard to its applicability and potential effe_ctivenes_s for targeting in several other
IAM .watersheds.

8.1  Step 1: Define Information Goals for Watershed

The first step in the assessment fnethodology is to identify and clearly define site-
specific assessment and quantitative information goals for the watershed. These
goals will generally be similar to the ones discussed in this study, although they may
not include all those discussed or might include some additional goals that are
specific to the site or study. It is best to define information goals in cooperation with
all stakeholders involved in the watershed to achieve consensus and utilize limited
resources for assessment effectively.

8.2  Step 2: Collect, Evaluate, and Summarize Existing Data/Information

Any existing data for the site derived ﬁom inventories or previous studies should
be collected, reviewed and evaluated, and summarized. This information can be used
to help define the potential problems in the watershed and data gaps based on the
information goals. Based on the existing information, the information goals for the

watershed should then be refined, if necessary.

151



_ 1

Table 8.1 Recommended methodology for screening;level assessment of NPS
pollution from IAMs

STEP 1: Define Information Goals for Watershed
o based on cooperative stakeholder involvement.

STEP 2: Collect, Evaluate, and Summarize Existing Data/Information
° refine information goals

STEP 3: Identify Data Gaps and Methods to Fill Gaps
° data gaps for required analytes, locations, and frequencies
o identify analytes (and analytical methods), locations, and
frequencies for monitoring
L define data collection procedures
o define modeling methods :
] determine methods for data management, analysis, reporting,

and use
o identify QA/QC procedures
o develop work plan '

STEP 4: Data Collection (if required)

o sample collection and field measurements
- total and dissolved metals, indicator parameters, flows

- bed sediment metals and physical characteristics

- aquatic ecology including habitat, fish, and benthos

- mouths of and other locations in important tributaries to
main stem, headwaters including background locations
or unimpacted nearby watersheds, mouth of main stem
and points bracketing tributaries, points bracketing NPS
areas, drainage from point sources, points of obvious or
suspected impacts

- synoptic monitoring during high and low flows for at
least 3 or 4 events

- source/waste material

° documentation in logbook and on site map of monitoring
locations, analytes, locations and types of sources, NPS
areas/volumes, distances to watercourses, and other features of

the station with regard to potential sources and impacts

° measure NPS areas and distances to potentially impacted water
bodies from site map
o laboratory analysis
° QA/QC
STEP 5: Data Management
° database input including station and description, type of source,

sampling dates, seasons, distances to potentially impaired water
bodies, subbasin areas, flowrates, and analytical results
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STEP 6:

data manipulation for analysis, presentatlon and reportlng
including:

- compute mean daily loading at each monitoring station
for each season

- compute differences in loadings between adjacent
stations as estimated loadings

- compute mean daily unit area loadings

- compute total loading and at each station for each
season based on time period for each season
compute fish standards based on hardness

QA/ QC

Data Analysis

use screening grocedure to identify indicator metal and primary
constituents of concern

Individual Points

€4as

..E

magnitudes of flow, concentration, and loading (and unit area
loading) for each station for each season

only if required for broad comparisons among locations,
compute mean concentration and mean daily and total loadings

(and unit area loadings) at each station for a year based on
time weighting for each season

estimate differences and relative differences between specific
points and/or seasons at a point

rank concentrations and loadings (and unit area loadings)
if a specific point is of interest, estimate risks of exceedances at
a point in conjunction with modelmg

present required information in summary tables, graphical plots,
and on site maps

group data appropriatel dy
plot concentrations and loadings versus distance along main
stem

concentrations

- compute magmtudes of mean, stream-length weighted
mean, and median for each season

- compute standard deviation and determine minimum
and maximum values '

- estimate CIs for computed values

loadings
- compute magnitudes of mean daily and total (and mean

and median daily and total unit area) loadings for each
- season
- compute standard deviations and determine minimum
and maximum values
- estimate CIs for computed values
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STEP 7:

Targeting

only if required for broad comparisons among locations,
compute values for a year based on time weighting for each

season

estimate differences and relative differences between areas,
types of sources, and/or seasons

if required for revising standards, compute ambient standards
for stream segments

estimate risks of exceedances in an area .

target stream segments using:

seasonal concentrations in streams

seasonal loadings and unit area loadings to streams
ranking of concentrations

risks of exceedances

differences between segments for specific segments of
interest . '

target source areas using:

seasonal loadings

percentages of total loadings

seasonal unit area loadings

ranking of loadings

risks of exceedances

differences between sources for spec1ﬁc sources of
interest

distances to impaired water bodies

use annual values only if longer-term conditions are being
estimated or compared

also consider the uncertainty of the data/information, type and
extent of impairment, feasibility and costs/benefits of

remediation, public support and funding avaxlablhty, availability
of remedial technologies, land ownershlp, etc., in the final
targeting process

present required information in re ort including

tables of magnitudes, differences, ranking, risks of
exceedances, distances, uncertainty for easy evaluation
graphical plots of these estimated values in bar graphs,
pie charts, concentration vs. distance plots for easy
presentation

site maps with estimated values and coding overlain for
easy visual presentation

the report should also include an introduction or
summary of the problem; specific assessment information
goals; and all data collection, management, and analysis
methods

a target table or map presenting the priority source
areas and stream segments recommended for remediation
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83  Step 3: Identify Data Gaps and Methods to Fill Gaps

Data gaps should be identified that must be filled to achieve the information
goals. If the defined information goals cannot be achieved with the existing data,
data gaps will need to be filled. Specific methods to identify data gaps for individual
sites are beyond the scope of this study. As discussed in Chapter 7, most of the
important data gaps are common and fairly obvious for the majority of these sites.
Methods to fill the gaps in a cost efficient manner should then be identified and
defined. These methods can include data collection and/or modeling techniques.
Cost efficiency should be defined in terms of the labor, materials, and analytical work
required to plan for data collection and collect and énalyze the data to derive the
required information. Cost estimates can be developed for the di_fferent types of data
collection and/or modeling methods for comparison purposes. Methods should
generally be used that derive the required information (with an acceptable degree
of uncertainty) for the lowest cost. The degree of uncertainty that is acceptable is
generally a political and/or economic decision.

Development of a detailed work plan for data collection activities is very useful
at this stage. The purpose of the work plan is to clearly define all aspects of the
monitoring process to ensure that resources are used efficiently, to document
procedures, and to gain concurrence on the methodology by all involved parties. The |
work plan should include all of the details for data collection, including analytes (and |
analytical methods), locations, frequencies or time period of sampling, and field
procedures. The recommended analytes, locations, and frequencies are discussed in
detail in fhe next section. The locations and frequencies can be changed based on
actual field conditions and observations as long as they are all documented. A work
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plan can also be developed for the use of modeling methods. Data xﬁanagement and
analysis methods should also be discussed in the work plan. The methods will be
dependent on the specific information goals defined, but can generally be similar to
those discussed in this study. Information presentation, reporting, and use in the
targeting process should also be discussed in general terms. Again, the methods
discussed in this study can be used. QA/QC procedures for all dat.a collection
activities should also bé discussed.

84  Step 4: Data Collection (if required)

For most IAMs, the evaluation of existing data will indicate that additional data
must be collected to reach the information goals. If the defined information goals
cannot be achieved with the existing data or modeling techniques, additional data will
need to be collected. The next step of the assessment methddology for most sites,
therefore, is the actual field work and data collection_. This is discussed in the
following sections.

8.4.1 Analytes

Water quality analytes should include both total and dissolved metals for a wide

range of species for at least one sampling event. Once the important metals that

appear to be impacting the surface waters and aquatic ecology of the site are

~ determined, the list of metals can be reduced to those metals. Iron should be

evaluated at most sites because it demonstrates whether the site has a significant
amount of sulfide minerals. Additional cations and anions can bé analyzed if
required fof at least one sampling event to perform a cation-anion balance for data
QA purposes. If only the dissolved form of a metal seems to be important at the
site, because erosion and sedimentation ié not significant or the metals of concern
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are primarily in the dissolved form, then only the dissolved fraction may need to be

- analyzed for subsequent sampling events. Total metals should be analyzed when

erosion and sedimentation is significant or when precipitates, especially on the
channel bed, may be important. Indicator parameters should generally include field
pH, temperature, dissolved oxygen (DO), alkahmty (primarily bicarbonate), TSS,
specific conductivity (or laboratory TDS), sulfate, and hardness. Calcium and
magnesium can be analyzed and used to estimate hardness. Generally, a minimum
of 10% of the samples should be QA samples. Water quality samples can either be
collected as grab samples representative of the channel cross-section for small
streams, or as depth- and width-integrated (channel cross-section composited)
samples using a US DH-48 sediment sampler for larger streams. Flowrate should be
measured at each station using the velocity-area method, preferably using a current
meter. If flows are too small to be measured using this method, visual estimates
should be made and noted.

Bed material should be collected and analyzed at a subset of the surface water
stations, especially in areas of apparent sediment deposition and fine material. This
is particularly important if erosion and sedimentation appears to be significant or if
benthic macroinvertebrate communities and the aquatic ecology of a site is being
evaluated. Sediment samples should be collected within 0-6 inches of the top of the
bed from several representative locations across the channel cross-section. These
grab samples should then be mixed and composited into one sample for each cross-
section. Analytes for sediment samples should generally include the metals of
concern, total organic carbon (TOC) (or a similar parameter), pH, and grain size
distribution. In addition, the toxicity of bed material samplés should be analyzed and
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cobble imbeddedness should be evaluated if impacts to benthos and/or fish are
potential concerns.

With regard to analytes and measurement procedures for derivation of required
aquatic ecologic information, many or a subset of the methods discussed in Appendix
E can be used, depending on the specific characteristics and requirements of the site.
At a minimum for many siteg, information derived from a field survey on the physical
aquatic habitat, fish populations, and benthic macroinvertebrates is required. For
high priority sites or specific locations of concern, toxicity testing of surface waters,
in addition to sediment, should be considered.

842 Locations

Water quality sampling locations should include the following: -

o mouths of and other locations in important tributaries to the main stem

o headwaters including possible background locations or unimpacted nearby
watersheds if required

o mouth of the main stem and points bracketing tributaries

° points bracketing NPS areas
o drainage from point sources
o points of obvious or suspected impacts
Sediment and aquatic ecology sampling locations should include a subset of the
surface water quality stations.
843 Frequencies
The frequency or time period for data collection should generally include at least
one baseflow event during late summer or fall, one snowmelt event during the fising

limb of or peak snowmelt (usually during May, June, or July), and one representative
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storm event during summer or fall. If possible, an additional sampling event or
quarterly sampling should be performed. In tﬁe optimum situation, more than four
sampling events or quarterly sampling for more than one year can be performed,
where multiple sampling events are performed for each type of flow event or season.
This will likely be th¢ case for high priority sites where additional data collection
beyond the screening phase is warranted or remediation is being implemented. The
frequency for bed material and/or aquatic ecologic data collection can be reduced
to two sampling events, if required: at least one during snowmelt runoff (in the spring
for life stage considerations) and one during baseflow.
8.4.4 Laboratory Analysis

Water and solid material samples collected in the field should be preserved,
cdntainerized, packaged, and | shipped to the analytical laboratory according to

standard USEPA-approved procedures. Chain-of-custody requirements should also

" be adhered to. Laboratory analysis is performed within the required holding times

using approved anaiytical methods (and appropriate MDLs), as discussed in the work
plan, after samples are received from the field crew. Stringent QA/QC and
appropriate reporting procedures should be used. |
8.4.5 Additional Data Collection

During the field work, all data collection activities should be documented iﬁ field
log books and locations of stations and sources and certain other types of information
should be delineated on a site topographic map. Daté for the log book should

include the following:

° designation and detailed description of sampling location
° date and time of sampling
. ® weather and field conditions
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° field crew members
® all field measurement results
° laboratory analytes

Other information to be observed in the field and recorded in the log book to

the extent possible includes the following:

L locations of point sources, NPSs, and other disturbed areas

L measured or estimated stream or drainage flowrates

° areal extents/volumes of NPSs

° distances from source areas and sampling locations to nearest watercourse
L other obvious signs of impacts to surface waters including erosion and

sedimentation, discoloration or precipitates, and ecological impacts (presence
or absence of fish, dead vegetation, etc.)

Some field experience, especially at IAMs, will probably be required to make these
types .of observations and derive important information from them. In most cases,
however, agency personnel performing these reconnaissance surveys do have this type
of experience.

In addition, it would be very useful at most sites to collect at least several
samples of NPS waste -material (tailings, waste rock, etc.) for laboratory analysis.
The NPS areas selected should be generally representative of many of the source
areas within the basin. This might require some experience and familiarity with
these types of sites and the basin. At each NPS location, several grab samples from
the surface (0-6 inches) should be collected from representative locations and
composited. Analytes should generally include the metals of concern, sulfate, acid
generation potential, neutralization potential, grain size distribution, and possibly

porosity.
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Information to be delineated on the site map during field data collection includes
the following:

sampling station locations

locations of point sources, NPSs, and other disturbed areas
areal extent of NPSs

other obvious signs of impacts to surface waters

From the site maps, NPS areas and distances to potentially impacted water bodies
can be estimated.
85  Step 5: Data Management

All data collected in the field and received from the laboratory should be input
to a computerized database system. Laboratory data are usually réceived in ASCII
format on disketté and can be automaticélly loaded into the database. Databases
developed in spreadsheet format are often useful because all of the data can be
observed on the computer s‘creeﬁ if necessary and the data can be manipulated and
imported into other software packages for data analysis and reporting fairly easily.
For larger data sets, however, working with spreadsheets can be somewhat
cumbersome and other types of database software programs should be considered.

Data input into the database should include the following:

L sampling station

° condensed description of sampling location and/or drainage

° type of source (NPS, point source, or background)

L date sampled

° season or type of event (baseflow, snowmelt, etc.)

L distances from each sampling station to nearest watercourse gestimated from
field) and to each potentially impaired water body of concern (measured from
site map)

o subbasin area for each station (estimated from site map)
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o flowrate
o analytical result (concentration) for each metal and indicator parameter
] sediment and/or aquatic ecologic data

Each station can be input as a different r0\'w of the spreadsheet. Data for the
different sampling seasons can be input as a time series (in successive rows) for each
station. The rest of the variables can be input as different columns. -

Data management is actually a continuous process that is required from data
input to data analysis and .reporting. Once the data discussed above are input, the
following can be compute'd successively using the methods-described in Section 5.2.

o mean daily and total loadings of important metals at each station for each
sampling event (as different columns

o differences in loadings between all adjacent stations to estimate the loadings
from the subbasins between adjacent stations (in the loading columns)

° area of )each subbasin between adjacent stations based on site map (separate
column) -

° loadings from all first order subbasins can be identified and grouped together
(separate column)

° mean daily and total unit area loadings from each first order subbasin
(separate column)

The remainder of the data management methods will be dependent on the
specific data'analysis methods used. For example, if the stream-length weighted
mean concentrations in different stream segments are required for targeting
potentially impacted water bodies, the stream length and fraction for each station can
be computed in the spreadsheet from the distance data and stored as a separate
column. If required, standards can be computed in the database and used in
subsequent analyses. If an analysis of different types of loading sources, such as

background versus NPSs or point sources, is required, the data can be grouped in the
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database accordingly for analysis. The data presentation methods will also affect the
specific data management schemes.

Some of the data input into the database can also be overlaid on the site
topographic map in addition to the information discussed above for data collection
so that the map could include the following:

grpe of source for each subbasin (NPS, point source, or background)

ate sampled and/or season or type of event (baseflow, snowmelt, etc.)
delineation of subbasin area for each station

flowrate

analytical results (concentrations) and/or loadings for important metals and
indicator parameters

sediment and/or aquatic ecologic data

A schematic representation of the watershed with this information can be used as an

.alternative to an actual map of the site. Data should also undergo QA/QC

procedures as part of the data management process.
8.6  Step 6: Data Analysis and Presentation

It is assumed for the purposes of this methodology that data attributes will not
necessarily have .to be evaluated for most JAMs, and that the attributes described in
this study are common to many of the data sets derived from these sites and can be
qsed as guidelines for se_lection of data analysis methods. If, however, data attributes
are examined for a particular site or reason, the methods discussed in Appendix A
can be used.

In addition, a simple screening procedure can be used to identify the primary
constituents of concern that might be used as indicators of the worst problems and
for carrying through the complete assessment. This could first involve estimating the
mean value and maximum value for each potential constituent of concern (metal)

within the basin and identifying which analytes exhibit the greatest concentrations
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relative to pot.entially applicable standards. Potentially applicable standards for each
metal should also be ;:omputed, especially for protection of aquatic life. The number
or frequency of exceedances of the most stringent standards is a good indicator of
which metals are problems and should be evaluéted in detail.

Table 8.1 presents a Summary of the recommended data analysis methods for the
proposed assessment methodology. The information listed can be considered the
recommended minimum and most important information required for performing an
effective screening-level assessment of JAM watersheds and subsequent targeting.
8.6.1 Analysis of Individual Points

At tﬁis point in the assessment process, some of the information goals have
already been met, and data analysis and targeting can be performed for individual

stations and subbasins or source areas of interest. The magnitudes of concentrations,

‘loadings, and unit area loadings for each station for each sampling event have been

determined. Therefore, the locations of these variables are known. Rélative
differences between specific stations and seasons can be directly observed. The areal
extent and metals concentrations of NPSs have also been estimated. Distances from
each source area to water bodies of concern have been estimated and can easily be
observed from the site maps. For large data sets, however, all of the data in this
format can be cumbersome and might still need to be summarized and/or presented
using other methods for easier interpretation. The methods discussed below that can
be used for these analyses were discussed in more detail in Chapter 6.

- Aquatic life chronic and acute standards, if applicable, should be determined or
computed using the corresponding hardness values for each station for metals of
concern. Other applicable standards should also be determined for stream segments
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of interest if appropriate. Each observed concentration should be directly compared
to the applicable standard to determine exceedances and potentially impaired areas.
These exceedances should be presented on the site map for all locations.

The percentage of the total loading from each station or subbasin relative to the
total loadmés from all sources to the stream can be estimated. For each station, the
percentage of total loading for each season relative to the total loading for a year can
also be estimated. Bar graphs should be used to summarize and present information
on individual stations and subbasins of interest as well. Pie charts can also be used
to present the loading percentages. Magnitudes of differences and relative
differences between stations and seasons can easily be observed with these graphs,
and they cén also be presented on the site maps for easier interprétation.

Ranking of concentrations in stream segments of interest and of loadings and unit
area loadings from all first order subbasins to segments bf concern is very important
for identifying and locating the worst areas, especially for large data sets, rather than
trying to sort through all of the raw data in the database and on .the site map. With
regard to targeting specific source areas for remediation, the worst loaders that are
close to the impaired water body will generally be of highest priority. In contrast,
the stream reaches exhibiting the highest concentrations might not be targeted
because they might be the most difficult to restore initially.

The evaluation of the risk of exceedances of concentrations or loadings at a
specific point of interest might be required in a few cases. This can usually only be
accomplished using some type of modeling technique in conjunction with very limited

observed data.
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It is generally not recommended that annual values of concentrations or loadings
be estimated for individual stations with only three or four sarﬁpling events. If this
information is required, however, for individual stations in a particular watershed for
broad comparisons among stations, it is useful to estimate the mean, time weighted
mean (based on lengths of seasons), and median (because the data are likely right
skewed) to estimate average values. The standard deviation and the minimum and
maximum values éhould also be computed. to estimate the variability at the station.
For the mean values and standard deﬁation, the 90% CIs should be computed to
estimate the uncertainty associated with the values. This estimate of the confidence
in the values should then be used in the targeting process as necessary when
evaluating sites for remediation.

All of the required information on individual points of interest can be presented
in summary tables, graphical plots, and on site maps.

8.6.2 Analysis of Areas

If targeting areas at a larger spafial scale than individual stations or subbasins,
such as stream segments, is required, summary statistics and/or additional
information on the concentratiohs in the areas and/or loadings -to the areas might
be needed. Data must first be grouped accordingly in the databasé. If a stream
segment is large, care must be taken that the grouped data can be considered to be
from one population.

Concentrations and loadings should be plotted against distance or stations along
the main stem of the stream segment of interest to help identify reaches that might
be impaired and locations of loadings to and losses from the segment. The loadings
themselves should also be plotted in this manner. The sampling stations, major
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tributaries, and/or source areas along the main stem should be'plotted on the graph
as well.

If different stream segments must be evaluated and targeted for restoration, |
the following information regarding concentrations in each stream segment should -
be estimated on a seasonal basis:

o mean, stream-length weighted mean, and median concentration (because the
data are likely right skewed) to estimate average conditions

° standard deviation and minimum and maximum to estimate variability

o 90 or 95% CIs for means, median, and standard deviation to estimate the
uncertainty associated with each value -

The confidence in the estimates should be used as necessary in the targeting process.
It is generally not recommended that annual values be estimated. If, however, they
must be estimat(_ad for stream segments, it is recommended that the annual mean,
time-weighted mean, and median be estimated. The standard deviation, minimum
and maximum, and appropriate CIs can then be estimated for the annual values.
Differences and relative differences in concentrations between stream segments can
be computed or observed by directly comparing values.. Bar graphs can be used to
present the concentration data for easy comparison. If an ambient standard must be
estimated, something similar to the concentration of the 85th percentile can be used.
CIs for the percentiles should also be estimated to evaluate the uncertainty in the
values. The risk of exceeding a standard or target concentration in a stream
segment, a.nd its associated CI, should be estimated using the nonparametric estimate
of proportions.

The total loadings to each stream segment should be estimated on a seasonal

basis. Annual values can also be estimated, if required, using the time weighted
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seasonal values. Differences and relative differences in loadings to different stream
segments should be computed or observed by direct comparison of values. Bar
graphs can be used to present the total loading values for easy comparison.

The following information regarding unit area loadings to each stream segment

should be estimated on a seasonal basis:

o mean and median (because the data are likely right skewed) unit area
loadings to estimate average conditions

° standard deviation and minimum and maximum to estimate variability

o 90 or 95% CIs for mean, median, and standard deviation to estimate the

uncertainty associated with each value
The confidence in the estimates should be used as necessary in the targeting process.
It is generally not recommended that annual values be estimated. If, however, they
must be estimated at a particular site, it is fecommended that the time-weighted
mean, as well as the mean and median, be estimated. The standard deviation,
minimum and maximum, and appropriate CIs should then be estimated for the
annual values. Differences and relative differences in unit area loadings to stream

segments can be computed or observed by directly comparing values. Bar graphs

should be used to present the data for easy comparison. The risk of exceeding a
target unit area loading to a stream segment can also be estimated using the
nonparametric estimate of proportions. CIs for the proportions should also be
estimated to evaluate the uncertainty in the values.

For many IAMs, loadings from different types of sources, such as NPSs, point
sources, or background sources, to a specific stream segment must be estimated
and/or targeted. In this case, the loading data for each type of source should be

grouped and the following should be estimated using the loadings for each type of
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source (and unit area loadings for NPSs and background sources):

° mean daily and total loadings from each type of source on a seasonal, and if
required, an annual (using time weighted seasonal values) basis

o mean and median (because the data are likely right skewed) daily and total
unit area loadings from each type of source on a seasonal, and if required, an
annual (using time weighted seasonal values) basis

o standard deviation and minimum and maximum to estimate variability

L 90% CIs for mean, median, and standard deviation to estimate the uncertainty
associated with each value

o percentage of total loading from each type of source relative to the total

loadings from all sources to the stream

° for each type of source, the percentage of total loading for each season
relative to the total loading for a year

Differences and relative differences between loadings from different types of sources |
can be computed or observed by direct comparison. Bar graphs should be used to
summarize and present 'the total loading data, and pie charts can be used to present
the loading percentages. Magnitudes of and relative differences between types of
sources and seasons can be easily observed from these graphs.
8.7  Step 7: Targeting

The next step of fhe assessment methodology is information use for targeting
remediation, as discussed in the following sections. The most important information
required for the recommend'ed assessment methodology and térgeting approach has
been presented in Table 8.1. The targeting approach discussed in the following
sections is based ﬁﬁmarily on the use of this site information. Although it is not the
intent of this study to define the exact targeting methodology (but instead how to
derive the information required for targeting), the general targeting approaches must

be defined (or assumed) in order to define the information goals and show how the |
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information can be used. A targeting (pﬁoritization or ranking) table and site map
that is coded with targets or priority source areas and stream segments can be
developed that is the primary tool for targeting or is the result of the targeting
process. These tables or meps can be standardized and should be presented formally
in a targeting report.

Additional information based on other previously defined information goals, such
as costs and benefits of remediation, should also be used in the targeting process,
e_specially for the subsequent and ultimate selection of specific areas for remediation.
Additional analyses, such as cost/benefit anelyses, should be performed after the
screening-level assessment and during the targeting process for specific sites of
interest.

8.7.1 Stream Segments

It is generally recommended that targeting of stream segments proceed first in
order to identify priority areas and to utilize resources for targeting subbasins and
individual source areas later more efficiently. Targeting stream segments should be
based on comparison, differences, and relative differences of the following estimated
values for different segments:

seasonal mean and median concentrations

risks of exceeding standards

seasonal loadings and mean and median unit area loadings
risks of exceeding target loadings and unit area loadings

Annual values can also be used for comparison, if required. The seasonal values for
types of sources should be compared to help determine critical conditions and target
remediation for specific source types and seasons. Targeting more localized areas

within segments can also be performed by delineating locations of standards

170



exceedances and ranking the instream concentrations to easily identify those stations
exhibiting the highest concentrations. Comparison of aquatic ecologic information
between segments and between more localized areas should also be performed to the
extent possible to determine the degree of impairment. Site maps, such as shown in
Figure B2 in Appendix B, should also be used as much as possible as a visual aid in
fargeting stream segments. The confidence in all of the estimated values shoﬁld be
taken into consideration in the final se_lection of sites for remediation.

Stream segments that have low concentrations, small loadings, and/or do not
often exceed standards might not be targeted becguse they are only slightly impaired.
On the other hand, -segments that exhibit high concentfations, have significant
loadings, and/or a high risk of exceedances might not be targeted because restoration
is not likely to succeed. This is generally the case for Cement Creek. In these cases,
it is particularly important to consider and use other important criteria in the
targeting process, including imblic support, technical feasibility, land ownership, value
of water body, etc.

8.7.2 Source Areas

Once high priority stream segments have been identified, source areas likely
contributing metals loadings to those segments should be targeted. Targeting types
of sources should be based on comparison, differences, and relative differences of the

following estimated values for different sources:

o seasonal loadings to segment
o percentage of loadings from each type of source relative to total loadings from
all sources to segment
° mean and median unit area loadings (for NPSs and background sources) to
segment
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] risks of exceeding target loadings and unit area loadings

Annual values can also be used for comparison, if required. The seasonal values for
types of sources should be compared to help determine critical conditions and target
remediation for specific source types and seasons. If annual values are also used,
percentages of seasonal loadings relative to the annual total loadings should also be
compared. For individual subbasins, targeting should be based on ranking these
values as well to easily identify those stations exhibiting the highest loadings. The
distances from subbasins (source areas) to the impaired water bodies and isolating
factors should also be considered in the targeting process. Site maps, such as

presented in Figure B3 in Appendix B, should be used to the extent possible as a

* visual aid in targeting source areas. In addition, the uncertainty of the estimated

values should be used in the decision-making process as needed.
8.7.3 Targeting Report

The key to the effeétive targeting process is to develop a comprehensive targeting
report for presentation to and use by all interested parties in the watershed. The
report should present all required information so that all interested parties can
observe and understand the assessment and targeting methods and results for the
watershed, and, hopefully, to gain concurrence on the targeting. The report should
include the following:

o tables of magnitudes, differences, ranking, risks of exceedances, distances,
uncertainty for easy evaluation _

o graphical plots of these estimated values in bar graphs, pie charts,
concentration vs. distance plots for easy presentation

o site maps with estimated values and coding overlain for easy visual
presentation '
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o the report should also include an introduction or summary of the problem;
specific assessment information goals; and all data collection, management,
and analysis methods

8.8  Testing and Evaluation

The specific methods that are part of the overall methodology have been applied,
tested, and evaluated using data from Cement Creek. This was necessary to
determine if the methods could be used to reach the information goals defined and
target sites for remediation. Most of the methods were successful in that regard, and

have now been integrated into a comprehensive methodology. The methodology

itself must now be tested in a qualitative manner and evaluated for its applicability

- to other IAMs. If the overall methodology can be shown to be applicéble to typical

sites and data sets, then it will be proven to be useful.

In order to test and evaluate the proposed methodology, five other typical IAM
watersheds will be used. The general characteristics of each site will be reviewed
and the data sets will be evaluated. The types of data, including analytes, and
frequencies and locations of data collection, will be identified for each site. Although
the actual assessment methodology will not be applied nor targeting tables and/or
maps developed for these sites as part of this study, the potential applicability and
usefulness of the recommended methodology will be evaluated based on the
characteristics of the site and the data. This information is summarized in Table 8.2.
The ﬁve sites are as follows:

Upper Animas River and Mineral Creek
Clear Creek/Central City Superfund Site, Colorado
East Fork Pine Creek in the Couer d’Lene Basin, Idaho

Taos Resource Area, New Mexico
Strawberry Creek/Bear Butte Creek Basin, South Dakota

NPAEDPDDN -

The following sections discuss each site in some detail.
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Table 8.2. Potential applicability of recommended methodology to other [AMs

Upper Clear Creek Strawberry Taos
Animas River/ Superfund East Fork Creek/Bear Resource
Area Minerai Creek Site Pine Creek Butte Creek Area
Data Types
Dissolved metals V v V v
Total metals V! J v v y
Flow V v v N
Sediment v VJ V2
Fish V' v -
invertebrates V! v v
Habitat V .
Source materials - VW
Source areas/volumes N N
Groundwater N
Frequency
3-6 or quarterly events v V v ¥
Locations
Mouth v v 0 v v
Bracketing J v v v
Tributaries J J vy V v
Point sources V v v v N
Background N ) v v
Standards setting .\.’ V V
Recommended
Methodology Applicable v V V v v
! Monitored only once
? Planned for monitoring
3 X-ray diffraction
* Quarterly
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L. Upper Arﬁmas River and Mineral Creek

These basins have been mentioned previously and are adjacent to the Cement
Creek basin in the San Juan Mountains of quorado near Silverton. Both of these
basins have also been heavily impacted by metal mining since the late 1800’s. They
are both somewhat larger than the Cement Creek basin. The Upper Animas River
basin is due east of the Cement Creek basin. Cement Creek is a tributary to the
Upper Animas River. Mineral Creek is also a tributary to the Upper Animas River
west of and downstream from Cement Creek. Mineral Creek is not as impacted as
Cement Creek or the Upper Animas River. Some fish live in Mineral Creek, and
aluminum is one of the primary constitﬁents of concern in this stream. The Upper
Animas River is very similar to Cement Creek in terms of the types of impacts and
constituents Qf concern, although it is not quite as impacted as Cement Creek. The
headwaters of the Upper Animas River are devoid of fish, but the lower reaches near
the confluence of Cement Creek and downstream and several tributaries have viable
fish populations.

The data collected for these bésins are very similar to those collected for Cement
Creek because the monitoring was part of the same CDPHE NPS program. The
proposed methodology would, therefore, be applicable and potentially very useful for
assessment of data from these basins and targeting sites within the basins. In
addition, some aquatic ecological data have been collected on fish densities and
macroinvertebrates and, as stated previously, the lower reaches of the Upper Animas
River are being targeted for restoration. These types of ecologic data, as well as
methods .for analysis and use in targeting, are discussed in Chapter 7. This
information would aid in the targeting process and could help to improve the
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methodology proposed.
2. Clear Creek/Central City Superfund Site, Colorado

This site is located immediately west of Denver in the Front Range of Colorado,
from the continental divide to Golden. The watershed has steep, forested terrain,
and has been heavily impacted by historic mlmng activities. Tailings, waste rock,
adits and acid mine drainage, and disturbed areas are present throughout the basin.
Other activities have impacted the streams as well, including runoff and erosion from
municipalities and residential development, roads, sewage treatment plant discharges,
and recreational activities. The basin became a Superfund site in 1983, primarily as
a result of its location near metropolitan Denver and other municipalities.

The data collected from this site are fairly comprehensive, largely due to the fact
that it is a Superfund site and an RI/FS has been completed. The following types

of data are available:

° inventory of source areas and hazards

° dissolved and total metals concentrations and indicator parameters

. flowrates

o sediment (bed material) metals coﬁcentrations, grain size distribution, organic

carbon content, and toxicity

. fish and macroinvertebrate community data and associated aquatic habitat
data

. areas and contaminant concentrations of NPSs

o groundwater data

Data were collected at many locations in the main stem of Clear Creek, including
at the mouth and bracketing source areas. Tributaries, point sources, and

background areas were also monitored. Data have been collected during high
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(snowmelt and storms) and low flows over more than two years so that four to six
data points are generally available for most stations. The biological data have not
been collected as frequently.

Remediation goals, or ARARs, have been developed for the site as part of the
CERCLA process. Some of the data, therefore, were used for this purpose. The
data are also being used for targeting stream segments and source areas for
remediation.

Bec_ause this site basically has all of the characteristics and types of data required
for the recommended methodology, the methodology would be applicable and
probably very useful for targeting remediation in this watershed. However, because
the watershed is a Superfund site, resources are available to perform additional types
of data analysis activities not included in the proposed methodology, such as more
complex hydrologic and chemical mddeling, to evaluate the watershed (and/or
specific sites) in more detail.

3. East Fork Pine Creek in the Coeur d’Alene Basin, Idaho

The East Fork Pine Creek basin is part of the South Fork Coeur d’Alene Basin
in northern Idaho near Pinehurst. The basin has steeply sloped, forested terrain.
The watershed has been impacted by historic mining activities and includes tailings,
waste rock, acid mine drainage, and outwash deposition along streams. A
cooperative assessment by IDEQ, Idaho Water Resources Research Institute,
USBLM, USBM, and USEPA is being undertaken to restore the creek and fill in
data gaps for the South Fork Coeur d’Alene Basin that exist throughout the East
Fork Pine Creek basin. These basins contribute to Coeur d’Alene Lake, a major
water supply, recreational attraction, and economic boon to the région.
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The mining and other impacts to Coeur d’Alene Lake is a major concern for the

" whole region. Resources, therefore, have generally been available to perform fairly

comprehensive assessments and limited remediation. The following types of data

have been collected:

o inventory of source areas and hazards

° dissolved and total metals concentrations and indicator parameters

o flowrates |

L sediment (bed material) metals concentrations, grain size distribution, organic

carbon content, and toxicity
o areas and contaminant concentrations of NPSs
L groundwater data

Data were collected at many locations in the main stem of East Fork Pine Creek,
generally bracketing source areas. Tributaries, point sources, and background areas
were also monitored. Six sampling évents have been performed during snowmelt,
storm, and baéeﬂovt;s over two years.

TMDLs are being developed for the site to reduce loadings to the stream and

allocate reductions and loadings to source areas or remedial projects. Much of the

data, therefore, are being used for this purpose. The TMDL process can be

considered a form of targeting.

Because this site has most of the characteristics and types of data required, the
recommended methodology would be applicable and probably very useful for
targeting remediation in this watershed. The TMDL process, however, typically
includes some type of modeling of contaminant loadings to and concentrations in

stream segments. These types of activities are beyond the scope of those
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recommended for early screening-level assessment.
4. Taos Resource Area (TRA), New Mexico

This area in northern New Mexico encompasses BLM land as well as portions
of the Santa Fe and Carson National Forests managed by USFS. This area is
coinprised of a forested and rugged watershed with several historic metal mining
districts and surface water impacts. Several active mines are also located within the
watershed. Many environmental values and sensitive areas, such as wetlands and
endangered species habitat, are present in the area. The TRA has been used by
USEPA for a validation study of the propo-sed NPDES géneral stormwater permit
for inactive mines, landfills, and oil and gas operations on Federal lands (USEPA,
1994). USEPA used the area and pre-existing data/informatiqn collected from the
area by other agencies (state, USBLM, USFS, etc.) to develop and evaluate a
method to use limited existing information to establish priorities for detailed
investigation and possible mitigation. Even using very limited water quality and
related data, USEPA concluded that Federal land managers should be able to
comply with this first phase of the general permit.

Data available for the TRA are from the following existing.sources: |

° State of New Mexico’s 1991 CWA Section 305(b) report
® USEPA STORET database
o limited state and USFS sampling in priority areas

These data are generally limited to inventories of source areas and hazards and
dissolved and total metals concentrations and indicator parameters.

The proposed methodology would be applicable and probably very useful for
deriving required information and targeting in the TRA given the current general

lack of data for the site. Although USEPA concludes that the first phase of
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permitting, prioritization of remediation, can be accomplished using only existing
data, the targeting is generally limited to fairly large-scale subbasins that are obvious
problem areas. This approach is appropriate during the very early phases of

assessment, but it appears that a coordinated synoptic type sampling program has not

been implemented for the watershed. Smaller subbasins and specific source areas

could be targeted using the assessment methodology presented in this study based on
well-defined information goals. |
5. Strawberry Creek/Bear Butte Creek Basin, South Dakota

This 16 mi® basin is located in the Black Hills in a historic metal mining district.
The basin is forested with steep terrain. - Sources include waste rock, tailings, and
draining adits and sﬁrface water impacts include acidic pH, elevated metals
concentrations, and extensive "yellow boy" deposits. Most of the surface water
recharges groundwater, which serves as a drinking water supply, in the area
downstream.

The assessment being performed for the Watershéd is a cooperative effort among
the State of South Dakota and the South Dakota School of Mines and Technology.
The project recently also received a grant from USEPA as part of the Rocky

Mountain Headwaters Mining Waste Initiative. Data collected to date include the

following:

° inventory of source areas and hazards (on USFS land but not on private land)
° dissolved and total metals concentrations and indicator parameters

o flowrates :

° areas and contaminant concentrations of NPSs

® groundwater data

An inventory will soon be performed on private land. Sediment (bed material)

samples will also be collected in the near future for analysis of metals concentrations,
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grain size distribution, and organic carbon content. No aquatic ecological monitoring
or assessment has been performed to date.

Data were collected at many locations in the main stems of Bear Butte Creek
and Strawberry Creek, generally bracketing source areas and tributaries. Tributaries,
point sources, and background areas were also monitored. Quarterly sampling over
a one and a half year period has been performed. These sampling events did not
necessarily correspond to selected flow events, é.lthough baseflow and snowmelt have
been monitored. Several monitoring station_s have been sampled at a higher
frequency (monthly) over a longer period of time, and a gaging station is preseﬁt
near the mouth of the basin. |

This basin has many of the characteristics and types of data required for the
recommended methodology. Therefore, the methodology would be applicable and
probably very useful for targeting remediation in this watershed. Impacts to
downgradient groundwater (drinking wéter) would also have to be evaluated using
supplemental methods.

89 Summary

Based on the methodology developed and recommended in this chapter and the
testing and evaluation of the methodology using the sites/watersheds discussed above,
some general conclusions can be drawn. On a qualitative basis using the general
characteristics of the five sites and associated data sets, it does appear that the
recommended methodology is applicable and potentially very useful for targeting
within these watersheds. Although each of the sites has somewhat different site
characteristics and unique problems, they do have many common characteristics and
problems that can be addressed by this methodology. The methodology can also be
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used for each of the sites and provide the réquired information for targeting even:
though the data sets are not exactly the same. Most of the datsets are similar enough
or have enough elements in common that the methodology, or at least portions of
it, can be épplied and would be useful for screening-level assessment. For those sites
that have large and more comprehensive datasets, the methodology can be used and
would be useful for initial targeting, and the additional data analysis methods
discussed in Appendix E can be used to derive additional information that could
complement the recommended assessment methodology and be used for later more
detailed investigation for targeted sites for remedial design purposes.

The recommended methodology can and should also be tested and evaluated

more intensively and quantitatively at these or other sites in the future. This would

- provide a more quantitative basis for extending the use of the methodology to other

watersheds so that the derivation of required and comparable information among
sites and agencies can be validated further. USEPA has shown considerable interest

in funding this work.
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9.0 SUMMARY AND CONCLUSIONS

This chapter summarizes the work performed in previous chapters and the
recommended methodology for screening-level assessment of NPS pollution from
IAMs. Conclusions of the study, as well as some recommendations for further work,
are also briefly discussed.
9.1  Summary

The problem was first defined based on work conducted by USEPA, WGA, and
CCEM, and typical characteristics and 'environmehtal problems at these sites were
discussed. Then previous and existing rﬁonitoring and assessment methods for mining
and related sites were identified and evaluated. These methods include those
required by federal regulations for some sites, other federal and state assessment
methods, and methods discussed by others in the open literature. Next, generalized,
primary IAM management goals that are common to most sites were identified that
include water quality management goals and a targeting approach. Typical screening-
level assessment information goals and specific quantitative information goals for
targeting remediation at these sites were then identified and clearly stated. Most of
these goals were related to baseline information regarding metals concentrations in
and loadings to stream segments.

Data attributes that are common to these sites (with regard to metals) were then
identified and evaluated in detail using data derived from Cement Creek in the

Upper Animas River.Basin, Colorado, and the Pecos Mine site in New Mexico.
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Next, many potentially applicable and/or useful data analysis methods were
identified, applied to the Cement Creek data, and evaluated and tested with regard
to réachi-ng the defined information goals. Methods for information presentation and
use, or targeting, were aiso discussed. Data gaps were then identified with regard to
the Cement Creek data as well as data sets from many other IAM sites, and methods
typically used to fill in these data gaps we;re identified and discussed. The most
applicable and useful methods were then integrated into a comprehensive watershed-
based methodology for screening-level assessment of NPS pollution from IAMs. The
methodology was evaluated and tested qualitatively by assessihg its applicability to
and usefulness for several other IAM watersheds.
9.2  Conclusions

Many conclusions can be drawn from this study. This section discusses the most
important conclusions.
General Conclusions

General conclﬁsions for this study that are applicable fo Cement Creek and other
IAM watersheds are as follows:

o The primary conclusion of this research is that a watershed-based
- methodology for screening-level assessment of NPS pollution from IAMs that

is effective and somewhat standardized was developed based on generalized,
common IAM management goals and specific quantitative assessment
information goals for targeting. Therefore, the primary objective of the study
was achieved.

. Assessment information goals should include physical, chemical, biological,
engineering, and socioeconomic information. These goals can be defined in

terms of targeting criteria and usually include the following:

- designated, existing, and attainable beneficial uses of stream segments

- numeric water quality standards and maximum concentrations
associated with uses '

- maximum loadings associated with uses

- type and extent of water quality impairment and critical conditions
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- reduction in concentrations and/or loadings required to achieve
desired beneficial uses

- areal extent and contaminant concentrations of NPSs

- distances between sources and watercourses and impaired stream
segments

- locations of loadings to and losses from stream segments

- magnitudes of concentrations and loadings

- differences between magnitudes of concentrations in and loadmgs to
different stream segments

- frequency or risk of exceeding a target concentration in and loading to
a stream segment

- remedial technologies available and costs

- funding availability and public support for remediation

The potential error and uncertainty in the data and derived information
should be considered explicitly in the assessment process in order to target

remediation with a known degree of confidence. CIs, therefore, should be
computed for statistical estimators.

Ambient stream standards can be derived and the risk of exceeding standards
or target concentrations/loadings can be evaluated using synoptic data.

Visual aids for data presentation and use should be used and include graphs,
mapping of information, and if possible, GIS.

Targeting in Cement Creek and at other sites can be accomphshed effectively
using the recommended methodology.

Based on the information goals defined and data sets evaluated, data gaps
exist in Cement Creek and at most JAMs with regard to targeting

remediation. These can be filled when the required information goals are not
met with existing data and when resources are available using some of the
methods discussed in this study. These methods include additional data
collection and simplified modeling techniques.

The recommended methodology is applicable to and would be very useful for
other JAMs.

Cement Creek Case Study Conclusions

Conclusions that are specific to the Cement Creek basin case study are as

follows:

For the Cement Creek dissolved zinc data, the small sample size typically
associated with individual monitoring stations generally results in fairly large

CIs about statistical estimators. The increase in confidence of estimates by
increasing the sample size with increased monitoring frequency or time period
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might be offset by potential year to year variability. The increase in
confidence of estimates by increasing the sample size with increasing spatial
scale of interest is generally offset by the increasing spatial variability with
scale. This is probably the case for most metals and IAMs in general.

Cement Creek dissolved zinc concentration data derived from synoptic surveys
are not normally or lognormally distributed, but are right-skewed. The

dissolved zinc unit area loading data are also not normally or lognormally
distributed, and are more right-skewed than the concentration data.
Therefore, nonparametric methods are generally recommended. This is
probably the case for most metals and IAMs in general.

Cement Creek flow and dissolved zinc concentration and loading data do
generally exhibit seasonality. Flows and loadings exhibit significant seasonality
relative to concentrations. In Cement Creek, dissolved zinc concentrations
are generally highest during baseflow and lowest during snowmelt. Loadings
are highest during snowmelt and lowest during baseflow. This is probably the
case for most metals and IAMs in general.

In Cement Creek, dissolved zinc concentrations and unit area loadings are
generally highest in the headwaters in the upper part of the basin. NPSs

contribute significantly more loadings than point sources and background
sources.

Recommendations

With regard to further work and potential modifications and improvements to the

methodology, the following is recommended:

Additional species of metals (especially metals that are important in the total
form) and total metals should be evaluated in the future using the
recommended methodology to assess its applicability to other metals.

The methodology should be quantitatively applied to additional sites
throughout the western U.S. by different federal and state agencies for

additional testing and evaluation of its applicability and usefulness.

Biological methods should be evaluated and incorporated into the
methodology to a greater extent.

The optimal methods for establishing appropriate numeric standards and
beneficial use classifications for stream segments should be evaluated in more

detail. This is especially true with regard to determining the appropriate
spatial scale or size of stream segments and number of monitoring stations
that should used to classify streams. The TMDL methodology should be used
in conjunction with the recommended assessment methodology to aid in the
standards setting process as well as in the targeting process.
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The effects of small sample sizes for individual monitoring stations with
regard to uncertainty and limitations in the required information should be

evaluated in more detail. This appears to be the most significant statistical
pitfall requiring further research for IAMs. For the Cement Creek case study,
the problem of small sample sizes was dealt with by quantifying the
uncertainty of the information and using this uncertainty in the targeting
process, as well as by evaluating larger areas of interest instead of single
points or monitoring stations.

Specific methods for identifying data gaps should be developed and could be
incorporated into the recommended assessment methodology.

Significant data gaps should be filled when resources are available to derive
the required information, especially for the next phase of assessment, i.e.
detailed assessment for remedial design purposes. The methods for filling
data gaps should be evaluated and applied for this phase in greater detail.

187



REFERENCES

Adkins, N.C. 1993. A Framework for Development of Data Analysis Protocols for
Ground Water Quality Monitoring. Technical Report No. 60. Colorado Water
Resources Research Institute.

Adler, K.J. and M.D. Smolen. 1989. Selecting Priority Nonpoint Source Projects:
You Better Shop Around. Prepared for USEPA. EPA 506/2-89/003.

Aitchison, J. and J.A.C. Brown, 1957. The Lognormal Distribution. Cambridge
University Press, N.Y. _

Ambrose, R.B., J.P. Connolly, E. Southerland, T.O. Branwell, and J.L. Schnoor.
1988. Waste allocation simulation models. Journal WPCF. 60(9): 1646-1655.

Anderson, D. 1993. Personal Communication. CDPHE Water Quality Control
Division.

ASCE (American Society of Civil Engineers). 1985. Sedimentation Engineering.
N.Y. : .

Averett, R.C. 1976. A Guide to the Design of Data Programs and Interpretive
Projects. USGS.

Baron, J. and O.P. Bricker. 1987. Hydrologic and chemical flux in Loch Vale
Watershed, Rocky Mountain National Park. In Chemical Quality of Water and the
Hydrologic Cycle.

Beckers, C.V,, S.G. Chamberlain, and G.P. Grimsrud. 1972. Quantitative Methods
for Preliminary Design of Water Quality Surveillance Systems. Prepared for USEPA.
EPA-RS5-72-001.

Berry, J.K. and J.K. Sailor. 1987. Use of a geographic information system for storm
runoff prediction from small urban watersheds. Environmental Management. 11(1):
21-27.

Berry, V. 1993. Personal Communication. USEPA.

188



Betz Environmental Engineers, Inc. 1977. Planning Methodologies for Analysis of
Land Use/Water Quality Relationships: Case Study Application. Prepared for
USEPA. EPA-440/3-77-025.

Bevington, P.R. 1969. Data Reduction and Error Analysis for the Physical Sciences.
McGraw-Hill, Inc., N.Y.

Bjerklie, D.M. and J.D. LaPerriere. 1985. Gold-mining effects on stream hydrology
and water quality, Circle Quadrangle, Alaska. Water Resources Bulletin. 21(2): 235-
243.

Broetzman, G. 1993. Personal Communication. CCEM

Brown, K.P., E.Z. Hosseinipour, J.L. Martin, and R.B. Ambrose. 1991. Application
of a Water Quality Assessment Modeling System at a Superfund Site. Prepared for
USEPA. EPA/600/3-91/046.

Brown, R.G. 1988. Effects of precipitation and land use 6n storm runoff. Water
Resources Bulletin. 24(2): 421-426.

CCEM (Colorado Center for Environmental Management). 1993. Inactive and
Abandoned Noncoal Mines: Blueprint for Action.

CDPHE (Colorado Department of Public Health and Environment) Water Quality
Control Commission. 1991a. The Basic Standards and Methodologies for Surface
Water.

CDPHE Water Quality Control Division. 1991b. Colorado Total Maximum Daily
Load and Wasteload Allocation Guidance.

CDPHE Water Quality Control Division. 1992a. Implementation Plan for the
Animas River Monitoring Project.

CDPHE Water Quality Control Division. 1992b. Guidance on Data Requirements
and Data Interpretation Methods Used in Stream Standards and Classification

Proceedings.

CDPHE Water Quality Control Division. 1993a. Animas River Study - Draft
Decision Criteria for Metals Loadings Source Determination.

CDPHE Water Quality Control Commission. 1993b. Classifications and Numeric
Standards for San Juan River and Dolores River Basins. 3.4.0.

CDM (Camp Dresser and McKee Inc.). 1990. Clear Creek Phase II Remedial
Investigation Report. Volume 1 - Text.

189



Chadderton, R.A. 1979. A simplified stream model of acid mine drainagé effects.
Water Resources Bulletin. 15(4): 1159-1167.

Cohen, A.L, Y. Bar-Shalom, W. Winkler, and G.P. Grimsrud. 1975. A Quantitative
Method for Effluent Compliance Monitoring Resource Allocation. Prepared for
USEPA. EPA-600/5-75-015.

Cohen, R.H. and J. Gorman. 1991. Mirling-related nonpoint source. pollution.
Water Environment and Technology. June.

Colorado Department of Natural Resources, Mined Land Reclamation Division..
1982. Their Silent Profile - Inactive Coal and Metal Mines of Colorado - The
Colorado Inactive Mine Reclamation Plan, Volume I.

Combest, K.B. 1991. Trace metals in sediment: spatial trends and sorption
processes. Water Resources Bulletin. 27(1): 19-28.

Cox, D.B,, R.P. Betson, W.C. Barr, J.S. Crossman, and R.J. Ruane. 1979. Strip Mine

Drainage - Aquatic Impact. Tennessee Valley Authority and USEPA. EPA-600/7-
79-036.

Davies, P. 1993. Personal Communication. Colorado Division of Wildlife.

Dickinson, W.T., R.P. Rudra, and G.J. Wall. 1990. Targeting remedial measures to
control nonpoint source pollution. Water Resources Bulletin. 26(3): 499-507.

DiToro, D.M. -1984. Probability model of stream quality due to runoff. Journal of
Environmental Engineering. 110(3): 607-628.

Donigén, A.S. and W.C. Huber. 1991. Modeling of Nonpoint Source Water Quality
in Urban and Non-urban Areas. Prepared for USEPA. EPA/600/3-91/039.

Dressing, S.A. 1987. Nonpoint source monitoring and evaluation guide. Symposium
on Monitoring, Modeling, and Mediating Water Quality. American Water Resources
Association. May.

Duda, A.M. and D.L. Penrose. 1980. Impact of mining activities on water quality
in western North Carolina. Water Resources Bulletin. 16(6): 1034-1040.

Dunne, T. and L.B. Leopold. 1978. Water in Environmental Planning. W.H.
Freeman and Company. San Francisco.

Dunnette, D.A. 1980. Communication - Sampling frequency optimization using a
water quality index. Journal WPCF. 52(11): 2807-2811.

Engineering-Science, Inc. 1985. Eagle Mine Remedial Investigation. Prepared for
State of Colorado Department of Law.

190



Evangelou, V.P. and W.O. Thom. 1985. Factors and treatment of abandoned acid

mine lands for controlling nonpoint source pollution. Perspectives on Nonpoint
Source Pollution. EPA 440/5-85-001.

Fannin, T.E., M. Parker, and T.J. Maret. 1985. Multiple regression analysis for
evaluating non-point source contributions to water quality in the Green River,
Wyoming. North American Riparian Conference. Tucson, AZ.

Ferguson, B.K. 1985. Watershed planning for acid mine drainage abatement. Water
Resources Bulletin. 21(2): 253-263.

Fisher, F.M.,, K.L. Dickson, J.H. Rodgers, K. Anderson, and J. Slocomb. 19838. A
statistical approach to assess factors affecting water chemistry using monitoring data.
Water Resources Bulletin. 24(5): 1017-1026.

Foran, J.A,, P. Butler,'L.B. Cleckner, and J.W. Bulkley. 1991. Regulating nonpoint
source pollution in surface waters: a proposal. Water Resources Bulletin. 27(3):
479-484.

Gilbert, R.O. 1987. Statistical Methods for Environmental Pollution Monitoring. Van |
Nostrand Reinhold, New York.

Gilliland, M.W. and W. Baxter-Potter. 1987. A geographic information system to
predict non-point source pollution potential. Water Resources Bulletin. 23(2): 281-
291.

Griffen, M., W, Kreutzberger, and P. Binney. 1991. Research needs for nonpoint
source impacts. Water Environment and Technology. June.

Haan, C.T. 1977. Statistical Methods in Hydrology. The Iowa State University Press.
Ames, Iowa.

Haith, D.A. 1980. A mathematical model for estimating pesticide losses in runoff.
Journal of Environmental Quality. 9(3): 428-433.

Haith, D.A. 1985. Variability of pesticide loads to surface waters. Journal WPCF.
57(11): 1062-1067.

Haith, D.A. 1987a. Extreme event analysis of pesticide loads to surface waters.
Journal WPCF. 59(5): 284-288.

Haith, D.A. 1987b. Risk analysis of stream flow nutrient loads. Symposium on

Monitoring, Modeling, and Mediating Water Quality. American Water Resources
Association. May.

191



Hart, G.E. 1981. Soil loss from simulated rain on mountain land. Symposium on
Erosion-Sedimentation Processes in Mountainous Terrain. American Geophysical
Union. December. '

Harvey, G. 1993. Personal Communication. IDEQ.
Harvey, J. 1993. Personal Communication. CDPHE Water Quality Control
Division.

Helsel, D.R. and RJ. Gilliom. 1986. Estimation of distributional parameters for
censored trace level water quality data - 2. Verification and applications. Water
Resources Research. 22(2): 147-155.

Helsel, D.R. and T.A. Cohn. 1988. Estimation of descriptive statistics for multiply
censored water quality data. Water Resources Research. 24(12): 1997-2004.

Hem, J.D. 1985. Study and Interpretation of the Chemical Characteristics of
Natural Water. U.S. Geological Survey Water-Supply Paper 2254.

Hern'cks, E.E, D.J. Schaeffer, and J.C. Kapsner. 1985. Complying with NPDES
permit limits: when is a violation a violation? Journal WPCF. 57(2): 109-115.

Hill, A.R. 1986. Stream nitrate-N loads in relation to variations in annual and
seasonal runoff regimes. Water Resources Bulletin. 22(5): 829-839.

Humenik, F.J., D.W. Hayne, M.R. Overcash, J.W. Gilliam, A.M. Witherspoon, W.S.
Galler, and D.H. Howells. 1980. Probability Sampling to Measure Pollution from
Rural Land Runoff. Prepared for USEPA. EPA-600/3-80-035.

Hydroscience. 1979. A Statistical Method for the Assessment of Urban Stormwater.
Prepared for USEPA. EPA 440/3-79-023.

IDEQ (Idaho Division of Environmental Quality). 1992. Trace (Heavy) Metals
Monitoring of Pine Creek and its Tributaries, Shoshone County, Idaho.

IDEQ. Date unknown. South Fork Coeur d’Alene River - Interim Water Quality
Remediation Plan.

Jarrett, R.D. 1990. Hydrologic and hydraulic research in mountain rivers. Water
Resources Bulletin. 26(3): 419-429.

Jenne, E.A. 1968. Controls on Mn, Fe, Co, Ni, Cu, and Zn concentrations in soils
and water: the significant role of hydrous Mn and Fe oxides. Reprint from Advances
in Chemistry Series No. 73, Trace Organics in Water.

Jewell, TK. and D.D. Adrian. 1982. Statistical analysis to derive improved
stormwater quality models. Journal WPCF. 54(5): 489-499.

192



.

Kinney, W.L., L. W. Scarburgh, H.M. Lowry, A.N. Brecheisen, J.E. Pollard, and C.E.
Hornig. 1982. Investigation of Nonpoint Source Monitoring Procedures:
Assessment of Techniques tested in the White River, Utah, Oil Shale Area.

- Prepared for USEPA. EPA 600/X-82-026.

Koch, R'W. and G.M. Smillie. 1986. Bias in hydrologic prediction using log-
transformed regression models. Water Resources Bulletin. 22(5): 717-723.

LaPerriere, J.D., S.M. Wagener, and D.M. Bjerklie. 1985. Gold-mining effects on
heavy metals in streams, Circle Quadrangle, Alaska.

LaPoint, T.W., S.M. Melancon, and M.K. Morris. 1984. Relationships ambng
observed metal concentrations, criteria, and benthic community structural responses
in 15 streams. Journal WPCF. 56(9): 1030-1038.

Latimer, J.S., C.G. Carey, E.J. Hoffman, and J.G. Quinn. 1988. Water quality in the
Pawtuxet River: metal monitoring and geochemistry. Water Resources Bulletin.
24(4): 791-800.

Lee, G.F, R.A. Jones, and B.W. Newbry. 1982a. Alternative approach to assessing
water quality impact of wastewater effluents. Journal WPCF. 54(2): 165-174.

Lee, G.F., R.A. Jones, and B.W. Newbry. 1982b. Water quality standards and water
quality. Journal WPCF. 54(7): 1131-1138. '

Lettenmaier, D.P., D.E. Anderson, and R.N. Brenner. 1984. Consolidation of a
stream quality monitoring network. Water Resources Bulletin. 20(4): 473-481.

Lewis, W.M. and M.C. Grant. 1979. Relationships between stream discharge and

yield of dissolved substances from a Colorado mountain watershed. Soil Science.
128(6): 353-363.

Lewis, W.M., J.F. Saunders, D.W. Crumpacker, and C.M. Brendecke. 1984.
Eutrophication and Land Use, Lake Dillon, Colorado. Springer-Verlag. New York.

Lewis, W.S., W.W. Huskie, C. Woldow, J. Emerick, and C. Pfister. 1987. An
Evaluation of Mining Related Metals Pollution in Colorado Streams. Prepared by
Colorado School of Mines for the Colorado Mined Land Reclamation Division.

Limno-Tech, Inc. 1985. Dynamic Toxics Waste Load Allocation Model (DYNTOX)
User’s Manual. Prepared for USEPA.

Loftis, J.C. and R.C. Ward. 1979. Regulatory Water Quality Monitoring Networks,
Statistical and Economic Considerations. Prepared for USEPA. EPA-600/4-79-055.

Loftis, J.C. and R.C. Ward. 1980. Sampling frequency selectlon for regulatory water

quality monitoring. Water Resources Bulletin. 16(3): 501-507.

193



Loftis, J.C. and R.C. Ward. 1981. Evaluating stream standard violations using a
water quality data base. Water Resources Bulletin. 17(6): 1071-1078.

Loftis, J.C., R.C. Ward, and G.M. Smillie. 1983. Statistical models for water quality
regulation. Journal WPCF. 55(8): 1098-1104.

Loftis, J.C., G.B. McBride, and J.C. Ellis. 1991. Considerations of scale in water
quality monitoring and data analysis. Water Resources Bulletin. 27(2): 255-264.

Lotspeich, F.B. 1980. Watersheds as the basic ecosystem: This conceptual
framework provides a basis for a natural classification system. Water Resources
Bulletin. 16(4): 581-586.

Luellwitz, T., C.A. Troendle, H.T. Mowrer, and F.M. Smith. Date unknown. Using
GIS to characterize watershed variability for hydrologic modeling.

Maas, R.P., M.D. Smolen, C.A. Jamieson, and A.C. Weinberg. 1987. Setting
Priorities: The Key to Nonpoint Source Control. Prepared for USEPA.

Mar, B.W,, R.R. Horner, J.S. Richey, R.N. Palmer, and D.P. Lettenmaier. 1986.
Data acquisition, cost effective methods for obtaining data on water quality.
Environmental Science and Technology. 20(6): 545-551.

Marr, J.K. and R.P. Canale. 1988. Load allocation for toxics using Monte Carlo
techniques. Journal WPCF. 60(5): 659-666.

Marsalek, J. 1991. Pollutant loads in urban stormwater: review of methods for
planning-level estimates. Water Resources Bulletin. 27(2): 283-291.

Martin, HW. and W.R. Mills. 1976. Water Pollution Caused by Inactive Ore and
Mineral Mines - A National Assessment. Prepared for USEPA. EPA-600/2-76-298.

McBride, G.B., J.C. Loftis, and N.C. Adkins. 1993. What do significance tests really
tell us about the environment? Environmental Management. 17(4): 423-432.

MCcElroy, A.D., S.Y. Chiu, J.W. Nebgen, A. Aleti, and F.W. Bennett. 1976. Loading
Functions for Assessment of Water Pollution from Nonpoint Sources. Prepared for
USEPA. EPA-600/2-76-151.

Messer, J.J., C.W. Ariss, J.R. Baker, S.K. Drouse, K.N. Eshleman, A.J. Kinney, W.S.
Overton, M.J. Sale, and R.D. Schonbrod. 1988. Stream chemistry in the southern
Blue Ridge: feasibility of a regional synoptic sampling approach. Water Resources
Bulletin. 24(4): 821-829. :

194



Mills, W.B., D.B. Porcella, M.J. Ungs, S.A. Gherini, K.V. Summers, L. Mok, G.L.
Rupp, G.L. Bowie, and D.A. Haith. 1985. Water Quality Assessment: A Screening
Procedure for Toxic and Conventional Pollutants in Surface and Ground Water -
Part 1 (Revised - 1985). Prepared for USEPA. EPA/600/6-85/002a.

Mink, R. and A.E. Murrey. 1992. Coeur d’Alene basin restoration project. Draft
Paper.

Montana Department of Natural Resources and Conservation. 1977. Mine Drainage
Control from Metal Mines in a Subalpine Environment. Prepared for USEPA.
EPA-600/2-77-224.

Moran, R.E. and D.A. Wentz. 1974. Colorado Water Resources Circular No. 25 -
Effects of Metal Mine Drainage on Water Quality in Selected Areas of Colorado,
1972-73. USGS and Colorado Water Conservation Board.

Novotny, V. 1980. Delivery of suspended sediment and pollutants from nonpoint
sources during overland flow. Water Resources Bulletin. 16(6): 1057-1065.

Novotny, V., HM. Sung, R. Bannerman, and K. Baum. 1985. Estimating nonpoint
pollution from small urban watersheds. Journal WPCF. 57(4): 339-348.

NUS Corporation, 1970. Design of Water Qﬁality Surveillance Systems. Prepared
for USEPA. 16090 DBJ 08/70.

OTA (Office of Technology Assessment). 1986. Western Surface Mine Permitting
and Reclamation.

OlSen, AR. and S.E. Wise. 1982. Frequency Analysis of Pesticide Concentrations
for Risk Assessment (FRANCO Model). Prepared for USEPA. EPA-600/3-82-044

Ostry, R.C. 1982. Relationship of water quality and pollutant loads to land uses in
adjoining watersheds. Water Resources Bulletin. 18(1): 99-104.

Page, G.W. and M. Greenberg. 1982. Maximum contaminant levels for toxic
substances in water: a statistical approach. Water Resources Bulletin. 18(6): 955-
963.

Parkhurst, B.R. and D.I. Mount. 1991. Water quality-based approach to toxics
control. Water Environment and Technology. December.

Parsons, G. 1993. Personal Communication. CDPHE Water Quality Control
Division.

Parsons, G. 1994. Personal Communication. CDPHE Water Quality Control
Division. :

195



Phillips, J.D. 1989. Nonpoint source pollution risk assessment in a watershed
context. Environmental Management. 13(4): 493-502.

Ponce, S.L. 1980a. Statistical Methods Commonly Used in Water Quality Data
Analysis. Technical Paper WSDG-TP-00001. Watershed Systems Development
Group, USFS, Fort Collins Colorado.

Ponce, S.L. 1980b. Water Quality Monitoring Programs. Technical Paper WSDG-
TP-00002. Watershed Systems Development Group, USFS, Fort Collins Colorado.

Reckhow, K.H., J.B. Butcher, and C.M. Marin. - 1985. Pollutant runoff models:
selection and use in decision making. Water Resources Bulletin. 21(2): 185-195.

Richards, R.P. 1989. Evaluation of some approaches to estimating non-point
pollutant loads for unmonitored areas. Water Resources Bulletin. 25(4): 891-904.

Ridolfi, C.A. 1991. Distribution of Heavy Metal Loadings to the South Fork Couer
d’Alene River in Northern Idaho. Prepared for USEPA. EPA 101/F-90/049.

Roop, R.D. and C.T. Hunsaker. 1985. Biomonitoring for toxics control in NPDES

~ permitting. Journal WPCF. 57(4): 271-277.

Sanders, T.G., R.C. Ward, J.C. Loftis, T.D. Steele, D.D. Adrian, and V. Yevjevich.
1983. Desxgn of Networks for Monitoring Water Quality. Water Resources
Publications, Littleton, Colorado.

Schmidt, V. 1993. Personal Communication. USFS.

Schweitzer, G.E. and S.C. Black. 1985. Monitoring statistics. Environmental Science
and Technology. 19(11): 1026-1030.

Singh, T. and Y.P. Kalra. 1984. Predicting solute yields in the natural waters of a
subalpine system in Alberta, Canada. Arctic and Alpine Research. 16(2): 217-224.

Stednick, J.D. 1981. Hydrochemical balance of an alpine watershed in southeast
Alaska. Arctic and Alpine Research. 13(4): 431-438.

Stumm, W. and J.J. Morgan. 1981. Aquatic Chemistry - An Introduction Emphasizing
Chemical Equilibria in Natural Waters. John Wiley and Sons. New York.

Suter, G.W., L W. Barnthouse, and R.V. O’Neill. 1987. Treatment of risk in
environmental impact assessment. Environmental Management. 11(3): 295-303.

USBM (U.S. Bureau of Mines). 1992. Work Plan - East Fork Pine Creek, Shoshone
County, Idaho.

USBM. 1993. Abandoned Mine Land Inventory and Hazard Evaluatibn Handbook.

196




N

USDA (U.S. Department of Agriculture). 1990. Revised Universal Soil Loss
Equation Program and Documentation. Aridland Watershed Management Research.
Tuscon, AZ.

USDA SCS (Soil Conservation Service). 1977. Preliminary Guidance for Estimating
Erosion on Areas Disturbed by Surface Mining Activities in the Interior Western
United States (Interim Final Report). USEPA. EPA-908/4-77-005.

USDA SCS. 1985. National Engineering Handbook, Book 4 - Hydrology.
USEPA (U.S. Environmental Protection Agency). 1973. Methods for Identifying and
Evaluating the Nature and Extent of Non-point Sources of Pollution. EPA-430/9-73-
014. :

USEPA. 1975. Criteria for Developing Pollution Abatement Programs for Inactive
and Abandoned Mine Sites. EPA-440/9-75-008.

USEPA. 1977. Water Quality Management Guidance for Mine-Related Pollution
Sources (New, Current, and Abandoned). EPA-440/3-77-027.

USEPA. 1983. Water Quality Standards Handbook.

USEPA. 1984. Risk Assessment and Management: Framework for Decision
Making. EPA 600/9-85-002.

USEPA. 1987a. Mining Wastes in the West: Risks and Remedies.

USEPA. 1987b. Phase I Remedial Investigation Report, California Gulch, Leadville,
Colorado. '

USEPA. 1987c. Surface Water Monitoring: A Framework for Change

USEPA. 1988a. (Interim Final) Guidance for Conducting Remedial Investigations
and Feasibility Studies Under CERCLA. EPA/540/G-89/004.

USEPA. 1988b. Superfund Exposure Assessment Manual. EPA/540/1-88/001.

USEPA. 1989a. Risk Assessment Guidance for Superfund, Volume II:
Environmental Evaluation Manual (Interim Final). EPA/540/1-89/001.

USEPA. 1989b. Summary of Ecological Risks, Assessment Methods, and Risk
Management Decisions in Superfund and RCRA. EPA-230-03-89-046.

USEPA. 1989c. Statistical Analysis of Ground-water Monitoring Data at RCRA
Facilities. Interim Final Guidance. PB89-151047.

197



N S AE N TE En TR By BN TR EN AR BN G EE e AaE = e

USEPA. 1990. Biological Criteria - National Program Guidance for Surface Waters.
EPA-440/5-90-004.

USEPA. 1991a. Mining Waste Management. EPA/600/M-91/027.

USEPA. 1991b. Guidance for Performing Preliminary Assessments Under
CERCLA. EPA/540-G-91/013.

USEPA. 1991c Technical Support Document for Water Quality-based Toxics
Control. EPA/505/2-90-001.

USEPA. 1992a. Guidance for Performing Site Inspections Under CERCLA (Interim
Final). EPA/540-R-92-021.

USEPA. 1992b. NPDES Storm Water Sanipling Guidance Document. EPA 833-B-
92-001.

USEPA. 1992c. Framework for Ecological Risk Assessment. EPA/630/R-92/001.
USEPA. 1992d. Risk Assessment. EPA/600/M-91/034. |

USEPA. 1994. Validation Study of the NPDES General Permit for Inactive Mines,
Landfills, and Oil and Gas Operations on Federal Lands. Draft.

USFS (U.S. Forest Service). 1993. Acid Drainage from Mines on the National
Forests.

Valiela, D. and P.H. Whitfield. 1989. Monitoring strategies to determine compliance
with water quality objectives. Water Resources Bulletin. 25(1): 63-69.

van Belle, G. and J.P. Hughes. 1983. Monitoring for water quality: fixed stations
versus intensive surveys. Journal WPCF. 55(4): 400-404.

Vitek, J.D,, ALL. Deutch, and C.G. Parson. 1981. Summer measurements of
dissolved ion concentrations in alpine streams, Blanca Peak region, Colorado.
Professional Geographer. 33(4): 436-444.

Walline, R. 1993. Personal Communication. USEPA.

Walline, R. 1994.' Personal Communication. USEPA.

Wanielista, M.P. and Y.A. Yousef. 1993. Stormwater Management. John Wiley and
Sons, Inc., New York.

Ward, R.C. 1973. Data Acquisition Systems in Water Quality Management.
Prepared for USEPA. EPA-RS5-73-014.

198



Ward, R.C. 1979. Regulatory water quality monitoring: a systems perspectwe
Water Resources Bulletin. 15(2): 369-380.

Ward, R.C. and J.C. Loftis. 1983. Incorporating the stochastic nature of water
quality into management. Journal WPCF. 55(8): 408-414.

Ward, R.C. and J.C. Loftis. 1986. Establishing design criteria for water quality
monitoring systems: review and synthesis. Water Resources Bulletin. 22(5): 759-767.

Ward, R.C,, J.C. Loftis, and G.B. McBride. 1990. Design of Water Quality Monitoring
Systems. Van Nostrand Reinhold, New York.

Warren, CE. 1979. Toward Classification and Rationale for Watershed
Management and Stream Protection. Prepared for USEPA. EPA-600/3-79-059.

Wentz, D.A. 1974. Colorado Water Resources Circular No. 21 - Effects of Mine
Drainage on the Quality of Streams in Colorado, 1971-72. USGS and Colorado
Water Conservation Board.

WGA (Western Governors’ Association). 1991. Inactive and Abandoned Noncoal
Mines - A Scoping Study. Volumes I through IV.

Whitfield, P.H. 1982. Selecting a method for estimating substance loadings. Water
Resources Bulletin. 18(2): 203-210.

Williams, J.R. 1975. Sediment-Yield Prediction with the Universal Equation Using
Runoff Energy Factor. In- Present and Prospective Technology for Predicting
Sediment Yields and Sources. USDA. ARS-S-40.

Williams, M.W. and J.M. Melack. 1991. Solute chemistry of snowmelt and runoff
in an alpine basin, Sierra Nevada. Water Resources Research. 27(7): 1575-1588.

Willingham, T. and A. Medine. 1992. Water resource management strategies for
restoring and maintaining aquatic life uses. Second International Joint EPA -
Peoples Republic of China Symposium on Fish Toxicology, Physiology and Water
Quality Management. :

Wischmeier, W.H. and D.D. Smith. 1965. Predicting Rainfall-Erosion Losses from
Cropland East of the Rocky Mountains. Agriculture Handbook No. 282.

Waullschleger, R.E., A.E. Zanoni, and C.A. Hansen. 1976. Methodology for the

Study of Urban Storm Generated Pollution and Control. Prepared for USEPA.
EPA-600/2-76-145.

199



T I Ea

- am .

APPENDIX A. DATA ATTRIBUTES OF INACTIVE AND ABANDONED MINE
CASE STUDIES

This ap;;endix presents a detailed discussion of data attributes that are common
to many data sets derived from typical synoptic sampling events in IAM watersheds.
These attributes have a significant impact on the applicability, choice, and use and
interpretation of different data analysis method.s. The attributes are discussed and
evaluated using data from case study IAMs: the Upper Animas River Basin near
Silverton in the San Juan Mountains in southwestern Colorado and the Pecos
(Tererro) Mine near Santa Fe in northern New Mexico (discussed in the next
section). Attributes of typical IAM data that might be important in the identification
and selection of analysis methods and are evaluated in this section include (Adkins,
1993):

measurement error and variability

sample size

multiple observations

censoring

changing sampling frequencies and missing values
nonnormality

seasonality

>

Measurement Error and Uncertainty
The following model for the measurement x; on the ith unit of a population is

typically used for environmental studies (Gilbert, 1987):
X, =p+d +e = te (A.1)

where;
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p# = true mean over all N units in the population
d; = u; - p = amount by which the true value for the ith unit, y, differs from

K :
e; = x; - u; = measurement uncertainty = the amount by which the measured

value for the ith unit, x,, differs from the true value g,
The estimated mean (¥) of the actual population mean (x) is computed as:
1 n . .
}_{ = —E x.i (A' 2)
nia
where:

i = (1,2,...,n) |
x; = ith datum or measurement
n = sample size of interest

it

Measurement error or uncertainty (e;) results from field measurement errors
(human and instrument) and analytical limitations and can be positive or negative
(Hem, 1985; Suter et al., 1987; CDPHE, 1992a). It can generally be assumed that
the average e, over the population has zero mean. This assumes that there are no
systematic measurement biases. Under optimal conditions, the analytical results for
major constituents have an accuracy of +2 to +10%. This accuracy decreases
(error or variability increases) for trace elements such as metals as the concentrations
approach the detection limits. The accuracy of most flow meter measurements is
generally estimated to be approximately +10% (ﬂem, 1985; CDPHE, 1993a).
Measurement errors are not necessarily site-specific, although characteristics of
different sites may impact tﬁem. For example, flow rﬁeasurements made during high
flows may be less accurate because of human limitations and errors made in
dangerous field conditions, but flow measurements made at very low flows may also

be less accurate because of limitations of and errors in the flow meter at minimal

-~ flows. Estimating site-specific analytical variability and error, such as by performing
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a cation-anion balance or collecting adequate QA/QC samples, can have significant
costs associated with analyzing all major cations and anions and QA/QC samples for
all or a subset of the samples collected. In general, measurement and analytical
error has been evaluated and discussed in the literature more extensively than other
sources of uncertainty. Therefore, it may be possible and practical to estimate typical
measurement and analytical errors from previous studies or the literature instead of

from each individual site assessment. This is the general approach that CDPHE has

~used on the Upper Animas River Basin study (CDPHE, 1993a).

The theoretical potential error, or uncertainty, of the instantaneous measured
loading estimate can be expressed in terms of the standard deviations or the
coefficients of-vaﬁation (CVs) (standard deviation divided by the mean) of the
estimated loading, flowrate measurement, and concentration analysis. Bevington

(1969) presents the following equation if L is the product of Q and C:

2 2 2 2
9 _ % , 9c, ,0%c (A.3)
1?2 Qz c? ocC

where L, Q, and C are measured values that are assumed to represent the average
values of multiple measurements, and the last term includes the covariance of Q and
C. The covariance term drops out (is equal to zero) because the fluctuations in
measurements of Q are not correlated with the fluctuations in rﬁeasurements of C
at a given point in time and space. Using the CVs, the uncertainty of the measured

loading estimate can be estimated as (CDPHE, 1993a; Bevington, 1969):
U= (s?+B?)°-> (A.4)

where:
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U = CV of loading estimate

s = CV of flowrate measurement

B = CV of concentration analysis
For the Upper Animas River Basin study, CDPHE has 6btained s =0.15and B =
0.1. CDPHE based the s value on the literature values as well as on multiple field
measurements of flow using several current meters with different field crews at the
same location at the mouth of Cement Creek. The average variability of these
measurements was within 15%. CDPHE based the B value on the literature values
and their average laboratory precision (10%). These CV values are considered
average estimates of the error or uncertainty associated with the loadings.

Based on the s and B values, CDPHE has assumed U = 0.18. In addition, when

the NPS reach gain/loss analysis (Equation '5.-2) is used, the potential error or

uncertainty of the computed loading between the points is estimated using the

uncertainties, as estimated by the average standard deviations, in the equation shown

'by Bevington (1969) when L is the sum of LI and L2:

0l = 0%, + 02, + 20%,, (A.5)

where the last term includes the covariénce of L1 and L2. The covariance term
drops out (is equal to zero) because the fluctuations in measurements of LI are not
correlated with the fluctuations in measurements of L2 at a given point in time.
Using the standard deviations, the uncertainty of L (U) is estimated using the
uncertainty of the upstream points (U2,...,U4) and the downstream point (UI):

U= (U12+U2%+,...,+Ud?)°5 (A.6)

This results in a higher potential error or uncertainty for estimated instantaneous
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loadings relative to measured loadings. These estimated errors are sometimes higher
than the estimated loadings themselves, thereby reducing or eliminating the
confidence in the values estimated between the measured points. Nevertheless, this
NPS reach gain/loss procedure is a common method used to provide information on
locations and general magnitudes of loadings and losses of contaminant mass for
complex, multiple source IAM watersheds.

The uncertainty or potential error for each loading value was computed
automatically in the spreadsheet using the above equations and is presented in
column R in Taﬁle C2 in Appendix C for the Cement Creek subbasin data.

A2  Sample Size |

Sample size influences the applicable data analysis methods and the associated
confidence in the derived information. Statistical analyses using a small sample size
génerally result in a large CI (smaller confidence or less precision) about the results
(Loftis and Ward, 1980). This leads to a smaller confidence in management
decisions regarding targeting and remediation. The CI about the estimated mean
(CIL) is related to the standard deviation and the sample size. The 100(1-a)% CI,,

width is computed as:

s s
CI =¢ « — =t _— A.
m 1-3 \4 JH = v ﬁ ( 7)
where:

t = Student’s ¢ statistic
a = significance level (a = 0.1 for 90% CI)
v = degrees of freedom (n-1)
s = sample standard deviation
n = sample size
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The standard deviation (s) is the square root of the variance (s?) which is

computed as:
s2 = #Z (x;-%) 2 | (A.8)

The sample median (x,,) is the 50th percentile of any sample distribution, and is
generally a better estimator than the mean of central tendency or average conditions -
for npﬁnormal (right Skewed) distributions because it is based on the ranks of the
data and is not as sensitive to large extreme values or outliers. To calculate x,, all
of the sample data (x;) are first ranked from smallest to largest. Then x,, is

calculated from the sample order statistics x;, < xp < ... < x,, as follows:

Xso = Xp(ne)sz) 1 0 Is odd (A.9)
or
1 . .
Xgo = > (x[_,211+x[ (n;z)]) i1f n is even (A.10)

The 95% CI about the median (CI,,) can be derived from Table Al4 in Gilbert
(1987). The 90% CI,,, can be derived from Geigy (1982, pp. 103-107).

This data attribute is very important for JAM assessment because the sample size
varies significantly depending on the spatial scale of interest and only three or four
data _p;)ints are typically available for a single monitoring station based on synoptic
or quarterly monitoring over only a one year period. As the spatial scale of the
analysis increases (such as analysis of a stream segment or a subbasin), however, the

sample size increases. This could decrease the CI about a statistical result for a large

spatial scale relative to statistical analyses at a single point. However, the standard
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deviation could also increase with a larger spatial scale due to a potential increase
in spatial variability when more monitoring stations are incorporated into the
é.nalysis. This could also cause the CI to be larger with a larger spatial scale. The
spatial scale of interest and associated sample size, therefore, will impact the
identification and selection of applicable data analysis methods and the resulting
confidence in statistical results and require.d information.

If the spatial scale of interest increases too much, where the area to be measured
is not only more heterogeneous and variable but is comprised of different
populations, then the mean, median, and other statistical parameters of interest lose
their physical meaning and cannot be defined. Care must be taken, therefore, not
to make the spatial scale of interest too large if estimation of statistical parameters
is required. Areas should be subdivided into relatively homogeneous subareas to the
extent possible when necessary. The optimum methods to subdivide areas for
calculation of statistical estimators is beyond the scope of this study but should be
evaluated further in future research. This is especially true for the delineation and
evaluation of stream segments for standards setting and restoration.

In order to evaluate the effect of synoptic or quarterly sampling over a year and
the spatial scale of interest on the confidence in estimates of average values, the CIs
for estimates of the annual mean concentration were computed using typical, but
different sample sizes and standard deviations estimated from observed data. This
was accomplished in three steps. The first step was to estimate the average CI for
the estimated mean concentrations at all monitoring stations sampled four times in
a given year. This involved computing the mean, standard deviation, and 90 and
95% CI s for each station within Cement Creek that had a sample size of four. Half
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of each CI,, was also computed as fraction of the estimated mean value. This will
be referred to as the coefficient of the CI,, (CCI,). The average CCI, was then
computed using all of these stations within Cement Creek. The compufations are
included in columns W through AC in Table C2 of Appendix C. The Cfmas were not
computed due to the small sample size. |
The average 90% CCI, is 48% and the average 95% CCI, is 65% based on a
sample size of four. This means that even using only four data points collected
during different flow regimes over a year or multiple years, the estimate of the
annual mean concentration can still be considered generally about +50% of the
actual mean with a confidence of 90 to 95%. . |
The second step involved evaluating the effect of increasing sampling frequency
to more than four times per yeé: and/or increasing the sampling period to more than
one year at a station. This involved using data from two stations in the Upper
Animas River Basin as well as data from the Pecos Mine site. For the Pecos Mine
site, data were collected from two stations in Willow Creek and two stations in the
Pecos River over a two-year period. One of the Pecos River stations and one'of the
Willow Creek stations is upstream of the waste rock (background stations). This step
included estimating the CI,, for the mean concentration computed based on quarterly
sampling -for a year as well as based on more data points (up to twelve) at each
station as a result of quarterly or more frequent monitoring over two years or
biquarterly monitoring over a year. The results of these computations are presented

in Table Al, and the computations are presented in Table A2.
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Table Al. Effect of sample size for individual station on CI of mean zinc concentration

for the Pecos Mine site

DISSOLVED
WILLOW CREEK
UPSTREAM 0 N/A N/A 0 N/A N/A
DOWNSTREAM 4 2.15 2.91 12 0.84 1.03
PECOS RIVER
UPSTREAM 4 0.47 0.64 14 . 0.55 0.67
DOWNSTREAM 4 1.79 242 11 1.11 1.37
TOTAL
WILLOW CREEK
UPSTREAM 4 0.45 0.61 12 1.14 1.40
DOWNSTREAM 4 2.14 2.90 12 0.75 0.92
PECOS RIVER
UPSTREAM "4 0.47 0.64 12 1.53 1.87
DOWNSTREAM 4 1.80 2.4 8 1.02 1.28

Table Al
Abbreviations:

Cl = confidence interval
N = sample size

909% CCIM = coefficient of 90% CI on mean {1/2 CI widih divided by mean)

959% CCIM = coefficient of 95% CI on mean
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Table A2. Calculations for Table Al

l

Willow Downstream |1/19/91 40112 | 762 1235 640 0.84 785 1.03
5121191 620
8/27/91 80
3/25/192 2500
4/1/92 3600
4/9/92 30
4/15/92 5
5/30/92 100
711192 10
8/10/92
8/11/92
8/13/92
9/16/92 50
1/19/93 80
4/1/93 2030

Willow Upstream  |1/19/91
5/21/91
8/27/91
3/25/92
4/1/192
4/9/92
4/15/192
5/30/92
711192
8/10/92
8/11/92
9/16/92
1/719/93
4/1/93

Pecos Downstream |1/19/91 40111 291 592 324 1.11 398 1.37
4/14/91 94
5121/91 20
8/27/91 40
11/19/91 140
3/25/192 1900
4/1/92 890
4/10/92 10
5/30/92 s
7/8192 30
9/16/92 30
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Pecos

Upstream {1/19/91 10|14 11 12 0.55 - 0.67

4/14/91 2
5/21/91 50
8/27/91 20
11/19/91 5
3/25/92 5
4/1/92 5
4/8/92 10
4/15/92 5
5/30/92 5
7/7192 10
8/11192 5
9/16/92

1/19/93 10
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Table A2. Calculations for Table Al

Willow.

Downstream

1/19/91

5/21/91

8/27/91

37125192

4/1/92

4/9/92

4/15/92

5/30/92

777192

10

543

992

1167

2.15

1579

2.91

8/10/92

8/11/92

8/13/92

9/16/92

50

1/19/93

80

4/1/93

2030

Willow

Upstream

1/19/91

512191

8/27/91

3/25/92

4/1/92

4/9/92

4/15/92

5/30/92

771192

8/10/92

8/11/92

9/16/92

1/19/93

4/1/93

Pecos

Downstream

1/19/91

4/14/91

5191

8/27191

11/19/91

140

273

415

488

1.79

660

2.42

3725192

4/1/92

890

4/10/92

5/30/92

78192

30

9/16/92

30
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Pecos

Upstream

1/19/91

4/14/91

5/21/91

8/27/91

11/19/91

0.47

0.64

3/25/92

4/1/92

4/8/92

4/15/92

5/30/92

77192

10

8/11/92

9/16/92

1/19/93
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Table A2. Calculations for Table Al

|

5/21/91 | 5200
8/27/91 80
3/25/92 | 2000
4/1/92 4000
4/9/92 220
4/15/92 170
5/30/92 310
771192 40
8/10/92
8/11/92
8/13/92
9/16/92 80
1/19/93 80
4/1/93 2780
Willow Upstream |1/19/91 10| 12 33 3 38 1.14 46 1.40
5/21/91 260
8/27/91 10
3/25192 5
4/1/92
4/9/92 |
4/15/92 20
5/30/92 50
771192 10
8/10/92
8/11/92
9/16/92 10
1/19/93 5
4/1793 5
Pecos . | Downstream (1/19/91 151 8} 331 506 339 1.02 423 1.28
4/14/91 114
5/21/91 600
8/27/91 100
11/19/91 140
3/25/92 | 1500
4/1/92
4/10/92
5/30/92 130
7/8192 50
9/16/92
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171

116

177

1.87

1012 342 1.53 217

4/14/91 S

5/21/91 | 1200

8/27/91 80

11/19/91 10

3/25/92 10

4/1/92 5

4/8/92

4/15/92 5

5/30/92 40

77192 20

8/11/92

9/16/92 5

1/19/93 5
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Table A2. Calculations for Table Al

Downstream

1/19/91

512191

8/27/91

3/25/92

4/1/92

4/9/92

4/15/92

5/30/192

777192

745

1357

1597

2.14

2159

2.90

8/10/92

8/11/92

8/13/92

9/16/92

80

1/19/93

" 80

4/1/93

2780

Willow

Upstream

1/19/91

521/91

8/27/91

3725/92

4/1/92

4/9/92

4/15/92

5/30/92

1192

10

0.45

0.61

8/10/92

8/11/92

9/16/92

1/19/93

4/1/93

Pecos

Downstream

1719/91

4/14/91

52191

8/27/91

11/19/91

140

455

698

821

1.80

1110

2.4

3/25/92

1500

4/1/92

4/10/92

5/30/92

130

718192

50

9/16/92
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Pecos Upstream  |1/19/91
4/14/91
5/21/91
8/27/91
11/19/91
3/25/92
4/1/92
4/8/92
4/15/92 10| 4 75 2.9 3 0.45 5 0.61
5/30/92
771192
8/11/92 10
9/16/92 5
1/19/93 5
Table A2
Abbreviations:
ZNDCB = dissolved zinc ion based on approximately biquarterty monitoring (4g/L)
ZNDCQ =~ dissolved zinc jon based on appruximately quarterly monitoring (ug/L)
ZNTCB = total zinc ion based on approxi ly biquarterly monitoring (ug/L)
ZNTCQ = tota! zinc concentration based on approximately quarterly monitoring (ug/L)
N = sample size :
AVG = mean

STDS = standard deviation

90% CIM = 90% CI width on mean

90% CCIM = coefficient of 90% CT on mean (1/2 CI width divided by mean)
95% CIM = 95% CI width on mean

95% CCIM = coefficient of 95% CI on mean
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For the Willow Creek downstream station, the 90 and 95% CCI s for both
dissolved and total zinc based on quarterly monitoring over the latest year of data
(n = 4) are very large. Tﬁis is the result of a large standard deviation and the small
sample size. When n is increased to 12 for the downstream station based on
monitoring over a two-year period, the CCI,s are more than halved. The CI,s for
dissolved zinc at the Willow Creek upstream station were not computed because of
the very small percentage of detected values. The 90 and 95% CCI,s for total zinc
at this station were relatively small for n equal to 4, and increase significantly when
n is iﬁcreased to 12. This may be the result of significant year to year variability.
Based on the two years of data available, at least two concentration values were
Signiﬁca.ntly higher during the first year éf monitoring than values measured during
the second (or latest) year of monitoring. The 90 and 95% CCI s for the Pecos
River downstream station for both dissolved and total zinc based on four samples are
also quite large. When n is increased to 11 (dissolved) and 8 (total) based on almost
two years of data, the CCl,s are again almost halved. For the upstream Pecos River
station, the 90 and 95% CCI s based on four samples are smaller than those for the
downstream station, and even increase when n is increased to 14 (dissolved) and 12
(tota_l) based on two years of data. The increase in the CI could again be the result
of year to year variability. One concentration value measured during the first year
of monitoring was very'high and could be an anomoly. This value indicates this
potential year-to-year variability and affects the estimate of the CI. This evaluation
shows that interannual variation of zinc concentrations at background stations is less

than that at downstream stations, but intraannual variability is probably significant
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‘at all stations. Although the CI,, for downstream stations decreases as n inc;reases
over more than a year, the CIs for the estimated long-term (two-year) mean are still
relatively large for all sfations due to the year to year variability (even though n
increases).

For the Upper Animas River Basin, Colorado River Watch Program data

‘collected over a two-year period at a high frequency (generally more frequently than

monthly) were available for the mouth of Mineral Creek (MC34) and the Upper
Animas River immediately above Silvertoh (A68), but not for any statioﬁs in Cement
Creek. Forty two dissolved and total zinc concentration values were available at
MC34, and 44 were available for A68. The 90 and 95% CI,s and CI,s were
calculated for both of these stations. The results of the computations aie presented
in Table A3, and the data and CIs are presented in Table A4. As can be seen from
Table A3, the CCI,s range from about 15% to 25%. The .smaller CI,,,s‘ are for
Mineral Creek data, where the variability over time (standard deviation) is smaller.
In Mineral Creek the CI,s for total zinc are slightly smaller than th;)se for dissolved
zinc, whereas in the Upper Animas River, the CI,s for total zinc are somewhat
greater than those for dissolved zinc. This results from the greater variability of
concentrations of dissolved zinc in Mineral Creek, and of total zinc in the Upper
Animas River, relative to the other férms of zinc in each of the basins. These CI s
are at least half the size of the average CI,, computed in Step 1 above for stations
in Cement Creek with only four data points available. However, due to the high
frequency of data collection at MC34 and A68, some serial correlation in these data

at a station might be present that could reduce the confidence in estimates of a long-
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Table A3. CI of mean and median zinc concentrations based on large
sample size for individual station in the Upper Animas River Basin
ANIMAS RIVER DISSOLVED
44 0.19 0.23 0.69 - 0.70
TOTAL
4 0.21 0.25 0.63 0.65
MINERAL CREEK DISSOLVED
42 0.15 0.18 1.21 1.25
TOTAL
42 0.14 0.17 1.16 1.17
Table A3
Abbreviations:
N = sample size

90% CCIM = coefficient of 90% CI on mean (1/2 CI width divided by mean)

95% CCIM = coefficient of 95% CI on mean

90% CCIMD = coefficient of 90% CI on median (1/2 CI width divided by median)

95% CCIMD = coefficient of 95% CI on median
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Table A4. Calculations for Table A3

1790 4 2455 44
1785 43 2390 43
1785 42 2030 2
1474 41 1663 41
1458 40 1540 40
912 39 1151 39
721 38 894 38
632 37 767 37
557 36 739 36
556 35 646 35
548 34 599 34
540 33 574 33
519 32 567 32
510 31 522 31
495 30 519 30
490 29 490 513 29
489 28 489 ' 513 28
480 27 511 27
479 26 s10| - 26
461 25 504 25
453 24 489 24
450 23 447 489 23
444 22 489 22
406 21 482 21
405 20 478 20
374 19 471 19
363 18 427 18
363 17 363 409 17
356 16 356 391 16
352 15 381 15
350 14 370 14
336 13 365 13
325 12 364 12
324 11 361 1
324 10 354 10
n 9 351 9
n 8 347 8
322 7 338 7
320 6 338 6
312 5 a3s [
287 4 314 4
277 3 290 3
250 2 277 2

97 1 274 1

90% CCIMD|95% CCIMD
0.69 0.70
MEAN 564 90% CCIM | 95% CCIM [MEAN 654
SD= 422 0.19 0.23 |SD= 535
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Table A4. Calculations for Table A3

Animas

Animas

Animas

Animas

Animas

Animas

Animas

Animas

Animas

Animas

Animas

Animas

Animas

Animas

Animas

Animas

513

Animas

513

Animas

Animas

Animas

Animas

Animas

489

Animas

Animas

Animas

Animas

Animas

Animas

409

Animas

391

Animas

Animas

Animas

Animas

Animas

Animas

Animas

Animas

Animas

Animas

Animas

Animas

Animas

Animas

Animas

90% CCIM

95% CCIMD

0.63

0.65

90% CCIM

95% CCIM

0.21

- 0.25

221



I

TR TR T N

inera 732 42
Mineral 671 41 41
Mineral 642 40 40
Mineral 607 39 39
Mineral 590 38 38
Mineral 556 37 37
Mineral 544 36 36
Mineral 544 35 35
Mineral 53t 34 34
Mineral 527 33 33
Mineral 507 32 32
Mineral 484 3t 31
Miaeral 474 30 30
Mineral 474 29 493 29
Mineral 469 28 469 481 28
Mineral 461 27 461 476 27
Mineral 457 26 471 26
Mineral 397 25 409 25
Mineral 347 24 352 24
Mineral 303 2 333 23
Mineral 302 22 300 322 22
Mirieral 297 21 272 21
Mineral 236 20 2N 20
Mineral 235 19 267 19
Mineral 234 i8 247 18
Mineral 216 17 220 17
Mineral 194 16 194 206 16
Mineral 191 15 191 206 15
Minersl 178 14 199 14
Mineral 175 13 198 13
Mineral 153 12 197 12
Minersal 14 11 151 11
Mineral 142 10 150 10
Mineral 132 9 139 | 9
Minersl 128 8 133 8
Mineral 127 7 128 7
Mineral 126 6 126 6
Mineral 115 5 124 5
Mineral 115 4 123 4
Mineral 114 3 120 3
Mineral 93 2 118 2
Mineral 36 1 100 1
90% CCIMD|[95% CCIMD
1.21 1.25
MEAN 335 90% CCIM | 95% CCIM [MEAN 344
SD= 194 0.15 0.18 |SD= 188
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Mineral

Mineral

Mineral

Mineral

Mineral

Mineral

Mineral

Mineral

Mineral

Mineral

Mineral

Mineral

Mineral

Mineral

Mineral

481

Mineral

476

Mineral

Mineral

Mineral

Mineral

Mineral

322

Mineral

Mineral

Mineral

Mineral

Mineral

Mineral

206

Mineral

206

Mineral

Mineral

Mineral

Mineral

Mineral

Mineral

Mineral

Mineral

Minecral

Mineral

Mineral

Mineral

Mineral

Mineral

90% CCIM

95% CCIMD

1.16

1.17

90% CCIM

95% CCIM

0.14

0.17
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Table A4

Abbreviations:

ZNDC = dissodved zinc concentration (ug/L)
ZNTC = total zinc concentration (ug/L)

90% CCIMD = coefficient of 90% CI on median (1/2 CI width divided by median)
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term mean. The 90 and 95% CCl,, ;s for the Upper Animas River are 63% and 65%
for total zinc, respectively, and 69% and 70% for dissolved zinc, respectively. The
90 and 95% CCI,,s for Minerai Creek are all greater than 100% for both total and
dissolved zinc. The large CI,,s for Mineral Creek result from the greater number

of small concentration values about the median (resulting in a much smaller lower

- - confidence limit relative to the upper confidence limit) relative to the Upper Animas

River data.

The third step involved evaluating the effect of increasing spatial scale on
estimates of the size of the CI. This involved dividing the main stem of Cement
Creek into two segments: an upstream segment and a downstream segment. The
upstream segment is generally believed to be more spatially variable with regard to
zinc concentrations than the downstream segment due to a greater number and more
variability of source areas. Two adjacent stations that were sampled four times each
were selected near the mid-length of each segment, and the mean, median, and 90
and 95% CI s and 95% CI,, for each segment were computed based on eight data
points for each segment. Next, for each segment, data from additional stations
upstream and downstream from these two stations were aggregated with the data
from these stations. The CIs were again computed for each segment based on the
aggregated data. Again for each segment, data from additional stations upstream
and downstream were aggregated with the previous data sets incorporating all of the
stations within each segment, and the CIs for each segment were computed. The
results of these computations are presented in Table AS, and the computations are

included in Table AS6.

224



Table AS. Effect of sample size for multiple stations on CI of

zinc

concentration in Cement Creek

UPSTREAM CEMENT CREEK 8 0.41 0.51 1.23
27 0.16 0.19 0.22
45 0.21 0.26 0.27
DOWNSTREAM CEMENT CREEK 8 0.10 0.13 0.26
27 0.04 " 0.05 0.05
42 0.15 0.18 0.06
46 0.14 0.16 0.06

Table AS
Abbreviations:

N « sample size

90% CCIM = coefficient of 90% CI on mean (1/2 CI width divided by mean)

95% CCIM = coefficient of 95% CI on mean -

95% CCIMD = coefficient of 95% CI on median (1/2 CI width divided by median)
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Table A6. Calculations for Table AS

CC30

09/07/91

1300

CC30

06/24/92

1000

CC30

10/14/92

1000

CC30

07/21/93

1100

CCo3

09/07/91

2300

1575

960

643

0.41

803

0.51

1100

1350

1.23

CCo3

06/24/92

1100

27

1699

825

2N

0.16

326

0.19

1600

350

0.22

cco3

10/14/92

3700

45

1481

1270

318

0.21

382

0.26

1100

300

0.27

CCo3

07/21/93

1100

CCO0S5

09/07/91

2500

CCO05

06/24/92

1700

CCO05

10/14/92

3700

CCo0s

07/21/93

2400

CC18

09/07/91

3100

CC18

06/24/92

1600

CC18

07/21/93

2500

CC20

09/07/91

1800

CcC20

06/24/92

1600

CC20

07/21/93

1600

cc21

09/07/91

1800

cc21

06/24/92

1000

CcC21

10/14/92

790

cC21

07/21/93

890

cc27

09/07/91

1600

cc27

06/24/92

1000

CC28

09/07/91

1600

CcC28

06/24/92

1000

cc28

07/21/93

1100

CC30

09/07/91

1300

CC30

06/24/92

1000

CC30

10/14/92

1000

CC30

07/21/93

1100

CC06

09/07/91

4200

CCo06

06/24/92

6900

CC06

07/21/93

CcCl12

09/07/91

230

CC12

06/24/92

140

CC13

09/07/91

180

CcC13

06/24/92

230
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CCl16

09/07/91

350

CCl16

06/24/92

260

CC16

10/14/92

510

CcC17

09/07/91

1400

CcC17

06/24/92

340

CC17

10/14/92

700

CC17

07/21/93

500

cca3

07/21/93

350

CC26

09/07/91

1500

CC26

06/24/92

950

CC26

10/14/92

1200

CC26

07/21/93

840
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cc47

09/06/91

960

cC47

06/24/92

790

cCc47

10/14/92

940

CC47

07/21/93

870

CC30

09/07/91

1300

995

154

103

0.10

129

0.13

980

255

0.26

CC30

06/24/92

1000

27

972

113

37

0.04

45

0.05

960

45

0.05

CC30

10/14/92

1000

42

780

450

117

0.15

140

0.18

60

0.06

CC30

07/21/93

1100

788

431

107

0.14

128

0.16

CC31

09/06/91

1200

cc3l

06/24/92

960

CC34

09/06/91

1000

CC34

06/24/92

870

CC36

09/06/91

960

CC36

06/24/92

860

CC36

07/21/93

930

CC39

09/06/91

1000

CC39

06/24/92

920

CC39

10/14/92

1100

CC39

07/21/93

1100

CC41

09/06/91

960

CcCc41

06/24/92

910

CC43

09/06/91

990

CC43

06/24/192

840

CC43

07/21/93

970

CC46

09/06/91

990

CC46

06/24/92

850

CC46

07/21/93

880

CcC47

09/06/91

960

cc47

06/24/92

790

CcC47

10/14/92

940

ccq7

07/21/93

870

CC33

09/06/91

CC33

06/24/92

CC35

09/06/91

280

.CC35

06/24/92

85

CC38

09/06/91

2100

CC3i8

06/24/92

810

CC38

10/14/92

1300
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CC40 | 09/06/91| 1000

CC40 [ 06/24/92| 280

CC42 1 09/06/91 98

CC42 | 06/24/92| 59

CC44 1 09/06/91] 180

CC44 | 06/24/92| 130

CC45 109/06/91 140

CC45 | 06/24/92| 39

CC48 109/07/91] 980

CC48 106/24/92| 790

CC48 | 10/14/92 910

CC48 | 07/21/93] 790

Table A6
Abbreviations:

ZNDC = dissolved zinc ion (ug/L)

N = sample size

AVG « mean )

STDS = standard deviation

90% CIM = 90% C1 width on mean

90% CCIM = coefficient of 90% CI on mean (1/2 Cl width divided by mean)
95% CIM = 95% CI width on mean

95% CCIM = coefficicnt of 95% CI on mean

MED = median

95% CIMD = 95% CI width on median

95% CCIMD = coefficient of 95% CI on median (1/2 CI width divided by median)
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As can be seen from Table AS for the ﬁpstream segment, the 90 and 95% CCI s
for concentrations based on eight samples are similar to the averagé 90 and 95%
CClI s based on four samples for stations within Cement Creek (discussed for Step
1). The upstream segment 95% CCI,,, based on eight samples, however, is much
larger than the 95% CCI,,. For the downstream segment, the 90 and 95% CCI,s and .
the 95% CCI,, based on eight samples are much smaller than the average 90 and
95% CCI, based.on four samples for stations within Cement Creek. This is a result
of the smaller spatial variaLbility in the lower segment. Aggregation of data from
more stations in the upstream segment (n=27) decreases the CCI,s and CccCl,,
significantly. Additional aggregation of data from more stations (n=45), however,.
tends to increase the sizes of the CIs again somewhat. This pattern can also be
observed for the down§tream segment, where at n=27 the sizes of the CI,s and CI,,
become very small, but when # is increased to 42 or 46 the sizes of the CIs increase.
This could be attributed to increasiﬁg spatial variability (standard deviation) of
concentrationé with an increase in spatial scale, which offsets the effeét of the
increase in sample size when computing the CI. This indicates that there might be
an upper limit on optimal. segment size and number of monitoring stations for
estimating a mean concentration that is a function of the spatial variabi]ity within the
segment. As discussed in previous sections, the area cannot be too large if statistical
estimates are required because the estimates (such as the mean or median) lose

physical meaning when more than one population is sampled.
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A.3  Multiple Observations

Data derived from IAM synoptic surveys typically include multiple observations
at some monitoring stations as a result of duplicate sampling and analysis as part of
routine QA/QC measures. These observations must be dealt with before proceeding
to the analysis of the data. A simple method of handling this attribute is to compute
the mean of multiple observations at a station and use this value in the subsequent
analysis of the data. This is the method that will be used for this study.
A4 Censoring

Some data derived from IAMs are censored when metals concentrations are

below the method detection limit (MDL) of the laboratory instruments. The MDL
for dissolved zinc for the Upper Animas River Basin study is 8 ug/L. CDPHE
typically assigns a zero to these values prior to use in their data analysis. This
method biases the statistical estimates downward. Other procedures typically used
when the proportion of nondetects is less than approximately 50% include assigning
the MDL to the censored data prior to the analysis, or completely omitting the
censored data from the analysis. These methods bias the statistical results upward.
Another simple and useful procedure recommended by USEPA (1989c) is to
substitute a value that is 1/2 of the MDL to nondetects. All of these methods,
however, are not as straightforward when multiple detection limits are used for a
single analyte on different occasions. This is sometimes the case when samples are
collected over a number of years by different organizations. MDLs can vary
considerably in these cases. In most cases for short-term synoptic studies of IAMs,

however, a single detection limit is used by a particular agency.
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USGS (Helsel and Gilliom, 1986 and Helsel and Cohn, 1988) also recommends
a log regression (or plotting position) method for estimating the statistical parameters
of censored data with one or more MDLs. This method assumes that censored
observations follow the zero-to-detection limit portion of a lognormal distribution fit
to the uncensored observations by least squares regression. An adjusted lognormal
maximum likelihood procedure is also recommended for estimating percentiles using
censored data. In this method, concentrations are assumed to. be lognormally
distributed with parameters estimated using logarithms of the uncensored
observations using a maximum likelihood method. The mean and standard deviation

of the untransformed concentrations are then estimated using the equations given by

~Aitchison and Brown (1957).

For the purposes of this study and development of an IAM assessment method,
the substitution method using 1/2 the MDL will be used. This method is practical
and does not bias the results as much as assigning a zero or the MDL to the
censored data or as much as omitting censored data from the analysis. Although it
might bias the resuits more than the methods recommended by USGS, it is easier to
implement than those procedures. Given the relatively low proportion of nondetects
for .the Cement Creek data and many IAMs and the consistency of the MDL using
synoptic surveys, this method would not be expected to introduce much error in

statistical estimates and decision-making for screening-level analysis relative to the

USGS method.

A5  Changing Sampling Frequencies and Missing Values
Changing sampling frequenciés and missing values are usually data attributes that
are problems when analyzing data for trend and for some tests for seasonality. For
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the case of synoptic surveys performed for IJAMs, however, other problems associated
with these data attributes must be dealt with. There are two primary problems that
arise with regard to data analysis due to changing sampling frequencies and missing
values. The first is simply the lack of values at any given station during certain
sampling events and the overall reduction in the sample size (for estimation of
annual values) at any given station. With regard to an area (such as a stream
segment), the sample size is also reduced for estimation of both seasonal and annual
values. A reduction in sample size will generally result in a larger CI about the
estimated parameters of the distribution. |

The second primary problem arising from changing sampling frequencies and
missing values is the added complexity and additional computations required for
estimating first order subbasin drainage areas and stream lengths for individual
monitoring stations for each season of interest. If missing values-were not a problem,
these would be constant among seasons. Because missing values do exist, however,
these parameters can be different among seasons and must be recomputed for each
season. For example, suppose a station farthest upstream in a tributary, and the
adjacent station downstream, are monitored three times. The subbasin draining into
the upstream station is a first order subbasin and the area of the subbasin must be
computed. The stream length represented by each station must also be estimated for
subsequent computations (discussed in Section 6.3.1.1). These computations must be
performed only once for multiple seasonal evaluations. If on the fourth sampling
event, however, the upstream station is not monitored but the adjacent downstream
station is, the area draining into the downstream station is now the first order
subbasin and the stream lengths for the stations are different. The area and stream
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lengths must then be recomputed for subsequent evaluations.
A.6  Nonnormality

The nonnormality of the data will affect whether parametric or nonparametric
statistical methods might be appropriate and/or whether some type of conversion of
the data to appfoximate normality prior to statistical analysis might be appropriate
(Gilbert, 1987). It is believed that mdst metals concentration and loading dafa from
IAM waste sites exhibit right-skewed distributions (USEPA, 1975). This attribute
must be considered when identifying applicable data analysis methods and developing
an assessment methodology.

Although the use of nonparametric statistics is generally preferable to the use of
parametric statistics if the distribution is not known, this study requires the evaluation
of whether NPS metals loadings and/or instream metals concentrations from typical
IAM waste sites exhibit normal or skewed distributions because some data analysis
methods discussed later (such as regression based on actual values or logtransformed
values for prediction pﬁrposes) might assume these distributions.

For the evaluation of nonnormality, several simple methods have been used as

follows:
° skewness test
. box-and-whisker plots

° normal probability plots

Each of these methods is used for the following populations of interest, as identified

in Chapter 4:
° concentrations in a stream segment for each season and for a year
° unit area loadings to a stream segment for each season and for a year
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A6.1 Skewness Test

The skewness is easily computed along with other summary statistics for each

data set of interest. These summary statistics should be computed as an initial part

of most water quality evaluations to get an overview of many of the statistical
characteristics of the data. This is part of an exploratory phase of data analysis. The
summary statistics should generally include the mean, median, standard deviation,

range, and minimum and maximum values. The skewness (sk) is computed as:

ni% (x;-x)° (A.11)

(n-1) (n-2) s3

where the pafameters of the equation are defined as previously for the mean and
standard deviation.

A normal distribution has a skewness of zero, so significant deviations from this
indicate nonnormality. Summary statistics, including the skewness, were computed
for each of the populations of interest in Cement Creek listed above. These are
summarized.in Table A7 for concentrations, and Table A8 for unit area loadings.
As can be seen from the tables, most of the computed skewnesses for concentration
data are significantly greater than one, indicating right-skewed distributions and
nonnormality. The computed skewnesses for unit area loading data are even greater,
also indicating nonnormality.

Ab6.2 Box-and-Whisker Plots

A simple extension of computing summary statistics and the skewness is the

development of box-and-whisker plots. These are simple to develop and present

some of the summary statistics and data attributes of interest graphically. These aid
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Table A7. Summary statistics for Cement Creck dissolved zinc concentrations
|

N 43 41 17 128
MEAN 1159 796 1348 1041
90% CIM 479 5 948 -278
95% CIM 574 686 1151 332
MEDIAN 1000 810 940 930
90% CIMD 440 526 348 88
95% CIMD 517 590 546 116
MODE 1000 1000 920 1000
GEOMETRIC MEAN 598 368 819 588
ST. DEVIATION 933 1087 1119 950
90% CISD 347 414 714 197
ST. ERROR 142 170 271 84
MINIMUM 4 4 10 4
MAXIMUM 4200 6900 3700 6900
RANGE 4196 6896 3690 6896
LOWER QUARTILE 230 140 790 - 385
UPPER QUARTILE 1800 960 1300 1200
INTERQUARTILE RANGE 1570 820 510 815
SKEWNESS 0.9 4.6 1.3 2.6
ST. SKEWNESS 2.5 12.0 22 12.1
KURTOSIS 13 25.8 0.7 11.7
ST. KURTOSIS 1.7 33.7 0.6 27.1
COEF. OF VARIATION 80 136 83 91

Table A7
Abbreviations:

N = sample size

90% CIM = 90% CI width on mean

95% CIM = 95% CI width on mean

90% CIMD = 90% Cl width on median

95% CIMD = 95% Cl width on median

90% CISD = 90% Cl width on standard deviation
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Table A8. Summary statistics for Cement Creek dissolved zinc unit area loadings
N 43 11 93
MEAN 42 1.7 46
90% CIM 72 165 3.6 62
95% CIM 86 199 4.5 74
MEDIAN 2.6 5.3 0.2 1.5
90% CIMD 8.9 15.5 1.5 3.5
95% CIMD 9.5 15.8 1.9 5.9
MODE 0 0 0 0
ST. DEVIATION 139 267 33 179
90% CISD 52 121 2.8 44
ST. ERROR 21 49 1 19
MINIMUM 0 0 0 0
" IMAXIMUM 758 1422 11.2 1422
RANGE 758 1422 11.2 1422
LOWER QUARTILE 0 0.27 0.01 0.01
UPPER QUARTILE 16.8 34.1 1.5 13.4
INTERQUARTILE RANGE 16.8 33.8 1.5 13.4
SKEWNESS 4.5 4.8 2.8 6.1
ST. SKEWNESS 12.0 10.8 3.8 24.0
KURTOSIS 20.3 24.3 8.5 41.5
ST. KURTOSIS 27.1 27.2 5.7 81.7
COEF. OF VARIATION 329 346 200 392

Tsble A8
Abbreviations:

N = sample size

90% CIM = 90% CI width on mean

95% CIM = 95% CI width on mean

90% CIMD = 90% CI width on median

95% CIMD = 95% CI width on median

90% CISD = 90% CT width on standard deviation
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in the visual examination of the statistical characteristics of the data including the |
central tendency (median), spread (percentiles), skewness, and extreme values or
possible outliers. These plots can also be easily combined into a multiple plot for
concentration data and a multiple plot for uhi_t area loading data for the later
evaluation of seasonality. Box-and-whisker plots are widely used for the general
evaluation of water quality data.

Box-and-whisker plots were developed for each of the populations of interest, and
are presenfed in figures Al and A2 for concentrations and unit area loadiegs,
respectively. The box represents the intefquaftile Q) range, and the vertical line .
in the middle is the median. The whiskers extend in each direction to 1.5 times the
width of the /Q range from both ends of the box. Values beyond the whiskers are
plotted as individual points. The right-skewness of the unit area loading data can be
readily observed from these plots.

A6.3 Normal Probability Plots

Normal probability plots were also develeped for each population of interest to
visually compare the observed frequency distribution to the best fit normal
distribution. These plots are also useful for estimating percentiles and risks of
exceedances. These plote are presented in figures A3 and A4 for concentrations and
unit area loadings, respectively. As can be seen from the figures, most of the plots
tend to exhibit a somewhat concave pattern, indicating a right-skewed distribution
(Adkins, 1993). Based on the normal probability plot for snowmelt concentrations,
the value of 6,900 ug/L at CC06 could be an outlier. This concentration, however,
is still within an order of magnitude of many other values and no supporting
information indicates that it is not "real" and should be eliminated. The normal
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Figure Al.

Box-and-whisker plots for dissolved zinc comncentrations in
Cement Creek _ :
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Figure A2. Box-and-whisker plots for dissolved zinc unit area loadings to
Cement Creek
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probability plots for unit area loadings are also concave, indicating right-skewed
distributions. |
A64 Nonnormality Summary

Based on the results of all of these methods, both the annual and seasonal -
concentration and unit area loading data appear to be nonnormal. Therefore,
nonparémetric data analysis methods or transformations of the data to approximate
normality prior to data analysis might be preferred. Because the evaluation indicates
that a right-skewed or lognormal distribution might be a more appropriate model,
the data were transformed to their corresponding natural logarithms (In). Each test
for normality was then performed on the logtransformed data. The summary
statistics for the logtransformed concentration data are presented in Table A9, box
and whisker plots are presented in Figure AS, and normal probability plots are
presented in Figure A6. Summary statistics for the logtransformed unit afea loading
data are shown in Table A10, box aﬁd whisker plots are presented in Figure A7, and
normal probability plots are presented in Figure A8. The computed skewness, the
box-and-whisker plot, and the normal probability plot for the In of the unit area
loading data for all events all tend to indicate approximate lognormality. The tests
for normality performed on the concentration data for all events and for each season,
however, tend not to indicate lognormality. Logtransformations or a lognorrhal
model for concentrations in Cement Creek, therefore, might not be appropriate.
However, logtransformations or a lognormal model for unit area loadings to Cement

Creek might be useful for some types of data analyses.
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Table A9. Summary statistics for Cement Creek logtransformed

dissolved zinc concentrations

N 43 41 17 128
MEAN 6.4 5.9 6.7 6.4
MEDIAN 6.9 6.7 6.9 6.8
MODE 6.9 6.9 6.8 6.9
ST. DEVIATION 1.6 1.6 1.4 1.4
ST. ERROR 0.3 03 0.3 0.1
MINIMUM 1.4 1.4 2.3 1.4
MAXIMUM 83 8.8 8.2 8.8
RANGE 7.0 1.5 5.9 7.5
LOWER QUARTILE 5.4 4.9 6.7 6.0
UPPER QUARTILE 1.5 6.9 7.2 7.1
INTERQUARTILE RANGE 2.1 1.9 0.5 1.1
SKEWNESS -1.5 -1.1 2.2 -1.6
ST. SKEWNESS 4.1 -2.8 -3.6 -1.5
KURTOSIS 2.0 0.8 6.0 2.5
ST. KURTOSIS 2.6 1.1 5.1 59
COEF. OF VARIATION 25.1 26.6 209 22.4

Table A10. Summary statistics for Cement Creek logtransformed

dissolved zinc unit area loadings

N 70
MEAN 1.5
MEDIAN 2.2
MODE 2.2
ST. DEVIATION 2.6
ST. ERROR 0.3
MINIMUM 4.9
MAXIMUM 7.3
RANGE 12.2
LOWER QUARTILE 0.1
UPPER QUARTILE 3.1
INTERQUARTILE RANGE 3.2
SKEWNESS 0.4
ST. SKEWNESS -1.2
KURTOSIS 0.01
ST. KURTOSIS 0.02
COEF. OF VARIATION 175
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A7  Seasonality
The existence and magnitude of seasonality in flows, metals concentrations,

and/or loadings in a basin and in the associated daté collected from a basin will
impact the identification and selection of applicable data analysis methods (Sanders
et al, 1983). The existence of seasonality also affects the definition of the
information goa_ls (identification of the temporal scale of interest) and remediation
strategies. Potentially significant seasonal variation in impacts of metals to aquatic
biota in relation to life stages and cycles also exists at most of these IAMs. Remedial
activities might be targeted or designed to reduce loadings and/or concentrations
during specific seasons. Most types of information, therefore, will be required on a
seasonal basis. Based on the fact that most IAMs are located in high altitude
environments where snow accumulation and seasonal snowmelt runoff are sigm'ﬁcan:
and tend to dominate the hydrologic variability at a site, it is believed that seasonality
in loadings and/or concentrations is significant.

Three seasons or flow regimes are typically sampled at least once and of interest

in the assessment of IAMs as follows:

1. spring snowmelt runoff
2. fall baseflow
3. storm runoff

The magnitude of differences between concentrations and between loadings among
these three flow regimes are evaluated as part of this study.

Because the frequency of sampling is typically very low at an individual point or
a given monitoring station (three or four data points per year in most cases) based
on the synoptic or quarterly monitoring that is performed at these IAMs, seasonality
cannot be evaluated easily at a point becauée of the lack of data. It migﬁt be more
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practical and of more use, however, to evaluate seasonality in an entire stream
segment and/or in all subbasins cohtributing to a specific stream segment instead of
at a single point. This approach incorporates more monitoring stations into the
analysis, thereby facilitating statistical analysis. This approach also increases the.
sample size for the analysis and could result in a smaller CI aboﬁt the results. This
is the approach, therefore, that has been used as part of this study.

Concentration data derived from an entire stream segment (Cement Creek) and
unit area loading data derived from all subbasins contributing to the segment were
used for the evaluation of seasonality. The data for each of these populations of
interest were grouped by season or flow regime (spring snowmelt, fall baseflow, and
storm) by assigning a designator to each datum in the spreadsheet and also by‘
creating a separate column of data for each season. Two general methods were used
for determining the magnitude of the difference§ between concentrations and the
differences between unit area loadings among the three different flow regimes:

° multiple box-and-whisker plots
o magnitudes of differences and relative differences

Although hypothesis tests are generally not recommended for estimating the
significance of differences because of major shortcomings (McBride et al., 1993), in
some cases they might be required to evaluate the significance of differences in
concentrations in (and loadings to) a stream segment between seasons. In this case,
the following nonparametric tests can be used (Gilbert, 1987):

WRS test (also known as the Mann-Whitney U test)
Kruskal-Wallis test

sign test '

rank test (also known as the Wilcoxon signed rank test)
Friedman’s test

The rank sum test and Kruskal-Wallis test use independent data sets, whereas the
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sign, rank, and Friedman’s tests use paired data. The WRS test is a nonparametric
alternative to the two independent sample ¢ test (Gilbert, 1987) that compares
medians instead of mean values. The Kruskal-Wallis test is an extension of the rank
sum test from two to multiple independent data sets. The sign test uses the signs of
the differences between paired data and the rank test uses the magnitudes of the
differences. The sign test has more versatility than the rank test because the sign test
can be used for any underlying distribution and can accommodate some nondetects.
The rank test requires that the distribution be symmetric (nbt necessarily normal)
and there are no nondetects, but usually has more power than the sign test.
Friedman’s test is an extension of the sign test from two paired populations to
multiple related populations.

_Differences between the variances of two or more populations, in addition to
differences between the means and between the medians, can also indicate general
differences between populations. These types of differences may be apparent from
the multiple box-and-whisker plots discussed below.

A7l Multiple Box-and-Whisker Plots

As discussed for the evaluation of normality, a box-and-whisker plot was
developed for each population of interest for concentration data and unit area
loading data. The previously developed seasonal box-and-whisker plots for
concentrations can easily be graphed together to develop a multiple box-and-whisker
plot. This can also be performed for the unit area loadings. If the seasonal box-and-
whisker plots do not appear to overlap significantly on the multiple plot, seasonal
differences between the populations can be inferred (Adkins, 199.3). Differences
between the variances of two of more populations, in addition to differences between
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the means and between the medians, can also indicate general differences between
populations and are apparent from the multiple box-and-whisker plots.

Multiple box-and-whisker plots were developed for concentrations (Figure A9)
and unit area loadings (Figure A10). The multiple plot for concentrations shows
significant overlap between the storm data and both the snowmelt and baseflow data,
indicating insignificant seasonality between these flow regimes. The snowmelt and -
baseflow plots, however, do not tend to overlap significantly (especially betwéen the
interquartile ranges [IQ ranges]). This could indicate significant seasonality in
concentrations between these two flow regimes. The multiple plots for unit area
loadings, however, are not as easily interpreted. The one or two isolated high values
for snowmelt flow, and even for storm flow, tend to cause the plot for the baseflow
data to be compressed and unreadable. When the vertical scale of the multiple plot
is decreased significantly, however, the IQ ranges of the plots can be observed much
more easily. Although all data sets include many values near zero so that the 25th
percentiles seem identical, the 75th percentiles are very different, especially between
snowmelt and béseflo_w. This indicates that seasonality in unit area loadings does
exist between these two flow regimes. It is more difficult to distinguish between
storm flow and the other flows, so additional differences cannot be concluded.

The box-and-whisker plot evaluation uses all data, or the entire population, from
each season. This could provide a higher level of confidence in the conclusions to
be drawn from the analysis because of the larger sample siie relative to using data
from individual points, but it also results in the inclusion of potential spatial

variability into the analysis.
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Multiple Box-and-Whisker Plot
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A2 Magnitudes of Differences

In addition to the box-and-whisker plots, the magnitudes of the differenceé and
the relative differences of concentrations and of loadings between seasons were also
computed. Tﬁe results of these computations are presénted in Table.All for
concentrations and Table A12 for unit area loadings.

As can be seen from Table All the difference in concentrations in Cement
Creek between storm and snowmelt flows is fairly large (363 ug/L) in relation to the
lower mean concentration estimated for snowmelt (796 ug/L, as estimated using the
methods discussed in Chapter 6). The difference .is 45% of the lower value.
Although the CI,s are estimated in Chapter 6, it can be shown that the CI,s of the

two estimates overlap. The difference in concentrations between baseflow and storm

flow is small (189 ug/L) relative to the lower mean concentration estimated for

 storm flow (1,159 pg/L). This value is 16% of the mean for storm flow. The CI,s

also overlap for these estimates. For baseflow and snowmelt flow, the difference is
very large (552 pg/L) in relation to the mean concentration estimated for snowmelt.
This value is 69% of the mean for snowmelt flow.l Again, the CI_s for the two
estimates overlap. It can be concluded from this analysis that differences in
concentrations of dissolved zinc in Cement Creek exist between storm flow and
snowmelt flow and between baseflow and snowmelt flow, but not necessarily between
baseflow and storm flow.

For the unit area loadings, the difference betwe;an snowmelt and storm flows is
fairly lzirge (35 g/acre-day) in relation to the lower mean unit area loading estimated
for storm flow (42 g/acre-day). This value is 83% of the storm flow estimate. The
ClI s for the two estimates overlap because they are so large. The difference in unit
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Table All. Differences in Cement Creek dissolved zinc concentrations

between seasons

MEAN 1159 796 1348
DIFFERENCES - Absolute Relative

Storm-Snowmelt 363 0.46

Baseflow-Storm 189 0.16

Baseflow-Snowmelt 552 0.69

Table A12. Differences in Cement Creek dissolved zinc unit area

loadings between scasons

MEAN 42 77 1.7
DIFFERENCES Absolute Relative
Storm-Snowmelt 40.3 24.15
Snowmelt-Storm 35 0.83
Snowmelt-Baseflow 753 4511
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area loadings between snowmelt flow and baseflow is very large (75 g/acre-day) in
relation to the lower mean estiméted for baseflow (1.67 g/acre-day). This value is
4,500% of the baseflow estimate. The CI,s for the two estimates also overlap
because they are so large (at least the CI,, for snowmelt is very large). The
difference in unit area loadings between storm flow and baseflow is also large (40
g/acre-day) in relation to the lower mean unit area loading for baseflow. This value
is 2,400% of the baseflow estimate. If can be concluded from this analysis thaf_
differences in unit area loadings between all of the flow regimes are significant,
especially between baseflow and the other two flow regimes.
A3 Seasonality Summary

-Based on the analyses discussed above, some general conclusions regarding
seasonality in dissolved zinc concentrations in and loadings to Cement Creek can be
drawn. The analyses indicate that seasonality in concentrations does exist between
snowmelt flow and baseflow (concentrations are significantly lower during snowmelt
than during baseflow, likely due to dilution with higher flows) and between snowmelt
and storm flows, but not necessarily between storm flow and baseflow. Because
storms are highly variable and could have highly variable effects on contaminant
concentrations and loadings, it is not possible to conclude that this is always the case.
A 100-year storm could dilute con.centrations significantly relative to concentrations
during baseflow. Most of the analyses also indicate that large differences in unit area
loadings between all seasons do exist. Snowmelt flow exhibits the greatest loadings,

and baseflow has the smallest loadings.
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APPENDIX B

CEMENT CREEK MAPS

Figure Bl  Cement Creek Basin and sampling stations

Figure B2  Snowmelt 1992 dissolved zinc concentrations and exceedances of chromc and
acute fish standards

Figure B3  Snowmelt 1992 dissolved zinc loadings and unit area loadings from ﬁrst order
subbasins

This appendix presents three maps for the Cement Creek Basin. Figure B1 is the base map
for the basin with monitoring station locations and designations. Figure B2 shows the
dissolved zinc concentrations and exceedances of acute and chronic hardness-based
standards for fish (Brown Trout) overlain on the base map with corresponding stations.
Figure B3 shows the dissolved zinc loadings and unit area loadings from each first order
subbasin overlain on the base map with corresponding stations.
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APPENDIX C
CEMENT CREEK EXAMPLE DATA
Table C1 Example of spreadsheet database with raw flow and dissolved zinc
concentration data and loading and unit area loading data
Table C2 Example of spreadsheet database with dissolved zinc concentration data,

exceedances of aquatic life standards, and related information

This appendix presents an example of the raw data and spreadsheet format database and
related computations for a subset of stations in the Cement Creek basin. Table C1 contains
most of the raw data, including dissolved zinc loading data, and related information. Table
C2 contains dissolved zinc concentration data and related information.
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| e

A | B | ¢ [ E | H 1 J K
1 |Table C1. Example spreadsheet database with raw flow and dissolved zinc
2 [concentration data and loading and unit area loading data
3
4 B
5 [Cement NPS 8.39 { 734.64 | 0.056 |CCO1 09/07/91 {Storm 1.790
6 |Cement NPS 8.39 | 734.64 CCo1 06/24/92 |Snowmelt| 15.400
7
8 |[Queen Ann Mine adit |PS CCOla 07/21/93 0.013
9
10 |Mogul tnl mine dmg |PS CCO1b 07/21/93 0.031
11
12 |Mine adit abv Mogul |PS CCOlc 07/21/93 0.062
13
14 |adit PS CCo1d 07/21/93 0.880
15
16 |adit PS CCOle 07/21/93 0.635
17
18 |adit PS CCoIf 07/21/93 1.440
19 i
20 NPS 525.27 { 0.040 |CC02-CCO1 1 09/07/91 |Storm 0.510
21 NPS 525.27 CC02-CCo1 06/24/92 |Snowmelt| -3.500
22 |Cement NPS 7.63 {1259.91 CC02-CCOla-f 07/21/93 2.409
23
24 |Cement 7.63 CcCco2 09/07/91 |Storm 2.300
25 |[Cement 7.63 cCo2 06/24/92 |Snowmelt] 11.900
26 CC0o2 07/21/93 5.470
27
28 NPS 533.53 { 0.041 |CC03-CC02 09/07/91 |Storm 1.050
29 NPS 533.53 CC03-CcCc02 07/21/93 1.100
30
31 |Cement 7.16 CCo3 09/07/91 {Storm 3.350
32 |Cement 7.16 cco3 06/24/92 {Snowmelt
33 |Cement NPS 7.16 | 1793.44 CCo3 10/14/92 |Baseflow | 0.637
34 |Cement 7.16 CCo3 07/21/93 6.570
35
36 |NF Cement NPS 148.76 | 0.011 |[CCO4 09/07/91 |Storm "0.153
37
38 NPS 39.49 | 0.003 |CCO05-CC03-CCO6| 09/07/91 |Storm -0.849
39 NPS 39.49 CC05-CC03-CC06( 07/21/93 -0.260
40
41 |Cement 7.03 CCos 09/07/91 |Storm 2.680
42 {Cement 7.03 CCos 06/24/92 |Snowmelt| 18.300
43 |Cement 7.03 CCO05 10/14/92 |Baseflow | 0.468
44 |Cement 7.03 CCos 07/21/93 6.880
45
46 NPS 76.22 | 0.006 |CCO06-CCO7 09/07/91 |Storm 0.116
47
48 |NF Cement CCO06 09/07/91 |Storm 0.179
49 |NF Cement NPS 292.94 CC06 06/24/92 |Snowmelt
50 |NF Cement NPS 292.94 CC06 07/21/93 0.570
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L M N 0 P 0 R T 0]
1
2
3
5 ) 8| 89| 7007 8| 70078
6 2.7 950 [ 35797.4 | 105 | 357974 35797.4
7
8 43| 0013 1700 54.1 40 54.1 9.7 54.1
9
10 35| 0.031| 38000 2882.4 8.0| 28824 5188 2882.4
11 '
12 28| 0062 4900 743.4 66| 743.4| 1338 743 4
13 _
14 0.1 0880 130 2799 56| 2199 50.4 2799
15
16 0.5| 0.635 50 77.7 4.4 77 14.0 7.7
17
18 0.4| 1.440| 440] 15503 73] 15503 279.1 1550.3
19
20 07| 0.510 4810.5 8.5| 48105| 24732 4810.5 | 4810.5
21 -3.500 3768.1 3768.1 | 86462 0.0
22 0.9 | 2.409 67258 88| 67258 22979 672538 |-
23
24 0.8| 2.300| 2100] 118183 94| 118183 | 21273
25 25| 11.900| 1100 320292 | 104 320292 | 57653
26 1.7] s.a0] 920 123135 94| 123135 22164
27
28 00| 1.050 7034.7 89| 70347 40052 7034.7| 70347
29 0.1 1.100 5369.9 8.6| 53699 | 3878.7 5369.9
30 :
31 1.2] 3.350| 2300 18853.0 98| 18853.0| 33935
32 1100 '
33 0.5 0.637 3700 5767.0 8.7 5767.0 1038.1 5767.0
34 1.9 6.570 1100 | 17683.4 9.8 17683.4 3183.0
35
36 ;19| 0153| 670 2508 55| 2508 45.1 2508 250.8
37
38 -0.849 4298.6 4298.6 | 45093 0.0 0.0
39 20.260 270168.8
40
a1 10| 2.680| 2500 16393.9 9.7 163939 | 29509
42 2.9 18.300 1700 | 76121.5 11.2 76121.5 { 13701.9
a3 08| 0468 3700] 42370 84| 42370 7627
a4 19| 6.880] 2400 40402.4| 10.6| 404024 | 72724
45
a6 22| 0.116 1623.7 74| 1637 3334 16237 1623.7
a7
48 17| 0.179] 4200 18395 75| 18395 331.1
49 6900
50 06| 0570 292887.7
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Table C1

9
:

Cement Creek sub-segment or location
station or subbasin source category
distance to mouth (milcs)

subbasin arca (acres)

fraction of subbasin area relstive to total hed arca
site or monitoring station identification
sample date
sampie season
flow measured or computed (cubic feet per second)
In of flow
flow measured or computed
: zinc (ug/L)

dimolved zinc mean daily loading (g/day)
In of dissolved zinc mean daily loading
diuolvedﬂncmundn.ilyloadin;

ial error of losding esti (g/day)
umbm(mwmmum-w
dissolved zinc mean daily loading from first arder subbasin
storm flow dissolved zinc mean daily Joading from first order subbasin

fraction of  storm flow dissoived zinc loading from first order subbasin relative to total loadings from all subb:
mllm'd_ohedummndurybﬂm;ﬁomﬁmo&rm

fra of it flow d zinc & g from first order i ive 10 total loadings from sll subb
bnxﬂovdmohedmmndﬂybadmgﬁomﬁmotdernhbum

fraction of basef} d zinc loading from first order subbasin relative to total loadings from all subb
diﬂncnmlndinolvedzincbadinpﬁomﬁrnomer sbbasins b 1t and storm flows (g/day)
difference in dissolved zinc loadings from first order subbasins b It flow and basef)

EQ;N<N€<C‘4“W0"OZ{FK“"=QNOU>

difference in dissolved zinc loadings from first order subbasing between storm flow and baseflow

AD dissolved zinc mean daily unit ares loading (g/sc-day)

AE In of dissolved zinc mean daily unit area loading

AF storm flow dissolved zinc mean daily unit area loading

AG snowmelt flow dissolved zinc mean daily unit ares loading

AH basefiow dissolved zinc mean daily unit area loading

Al difference in dissolved zinc unit area loadings from first order subbasins b ndnormﬂowl(g/w-day)
AJ difference in dissolved zinc unit ares loadings from firet order subbasins b It flow and baseflow
AK dnﬂ:mmdholvedmmlmhﬂmyﬂomﬁmummwmnnomﬂowndmnw
AL dissolved zinc loading for NPSe

AM storm novdmolved rinc londmg for NPSs

AN It flow d zinc g for NPSs

AO baseflow dissolved zinc & ‘;‘,fnrNPSl

AP dissolved zinc unit area loading for NPSs

AQ storm flow dissolved zinc unit ares loading for NPSs

AR snowmelt flow dissolved zinc unit area loading for NPSs

AS bucno'd-o)vedmmuuhdm;brm

AT tved zinc loading for beckgr

AU storm flow diseo :i.nc‘ ding for background

AV snowmelt flow di d zinc loading for background

AW baneﬂowdmlwduncloadmg!orbndyuundwm

AX dissolved zinc unit area loading for b chgr

AY uomﬂovdmheduncunnuu ing for back, d

AZ lmvmenﬂo'dmolwduncmmbadmgbrbukmundsoumu
BA btxﬂo'dnolved:mcunuum ing for backgr

BB Ived zinc loading for point

BC dormno'dmlndnnclmdmgmrpom.oum

BD It flow d zine loading for point

BB baseflow dissolved zinc loading for point sources

BF nombvd-ohedﬂnchadm;mmlmol(:emlc:uk
BG it flow d zinc Joading in main stem of Cement Creek
BH 0 i d zinc & "ﬁ,inmnnlemotCﬂnn(Cleek

269



A | B | ¢ | E | 6 | 1 J K L

1 |Table C2. Example spreadsheet database with dissolved zinc concentration data,

2 lexceedances of aquatic life standards, and related information

3] | ]

4

5 |Cement NPS 8.39 1.36 | 0.057 |CCO1 09/07/91 |Storm 1.790

6 |Cement NPS 8.39 1.36 | 0.057 |CCO1 06/24/92 |Snowmelt| 15.400

7

8 |Queen Ann Mine adit|PS CCOla 07/21/93 0.013

9
10 {Mogul tnl mine dmg |PS CCO1b 07/21/93 0.031
11
12 |Mine adit abv Mogul |[PS CCOlc 07/21793 0.062
13 '
14 |adit PS CCold 07/21/93 0.880
15
16 [adit PS CCOle 07/21/93 0.635
17
18 [adit PS ccolf 07/21/93 1.440
19
20 NPS CC02-CCOo1 09/07/91 |Storm 0.510
21 NPS CC02-CCO1 06/24/92 |Snowmelt| -3.500
22
23 |Cement 7.63 0.62 | 0.026 |CCO02 09/07/91 |Storm 2.300
24 |Cement 7.63 0.62 | 0.026 [cco2 06/24/92 |Snowmelt| 11.900
25 |Cement 7.63 cCo2 07/21/93 5.470
26
27 NPS CC03-CC02 09/07/91 |Storm 1.050
28 NPS CC03-CC02 07/21/93 1.100
29 .
30 |Cement 7.16 0.30 | 0.013 |CC03 09/07/91 |Storm 3.350
31 |Cement 7.16 0.30 | 0.013 |CC03 06/24/92 |Snowmelt| -
32 |Cement NPS 7.16 2.28 | 0.192 |CC03 | 10/14/92 |Baseflow | 0.637
33 |Cement 7.16 CCo3 07/21/93 6.570
34
35 |NF Cement NPS 0.53 | 0.022 |CCO4 09/07/91 {Storm | 0.153
36
37 NPS CC05-CC03-CC06( 09/07/91 |Storm -0.849
38 NPS CC05-CC03-CC06| 07/21/93 -0.260
39
40 [Cement 7.03 0.16 | 0.007 |CCO5 09/07/91 |Storm 2.680
41 [Cement 7.03 0.16 | 0.007 |CCO5 06/24/92 |Snowmelt| 18.300
42 {Cement 7.03 0.45 | 0.038 |CCO5 10/14/92 |Baseflow | 0.468
43 |Cement 7.03 ’ CCos 07/21/93 6.880
44
45 NPS CC06-CCO7 09/07/91 [Storm 0.116
46
47 |NF Cement 0.30 | 0.013 |CCO6 09/07/91 [Storm 0.179
48 |NF Cement NPS 1.13 | 0.048 [CCO6 06/24/92 |Snowmelt
49 |NF Cement NPS ' . |cCco6 07/21/93 0.570
50
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M N o P | o R s T U
1
2
3
4
5 .
6 27| 15.400 15.400 0.012 0.000 0.016
7
8 | 43
9
10] 35
11 '
12| 238
13
1a] o1
15
16| -os
17
18] o4
19
20| 07
21
22
23| o8| 2300 2.300 0.002 0.000 0.008
24| 25] 11.900 11.900 0.009 0.000 0.012
25 1.7
26
27| 00
28] o1
29
30 12 3350 3.350 0.003 0.000 0.012
31
32| 05[] 0.637 0637  0.000 0.000
33 1.9
34
35| 19 o0us3 0.153 0.000 0.000 0.001
36
37
38
39
40 10| 2680 2.680 0.002 0.000 0.009
41| 29| 18300 18.300 0.014 0.000 0.019
42| 08| 0468 0.468 0.000 0.000
43 1.9
44
45| 22
46
47| 7] o0am 0.179 0.000 0.000 0.001
48
49| 06
50
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. \' W X Y Z AA AB AC AD AE

1

2

3

4

5 1600 1600 7.38

6 950 950 6.86

7

8 1700

9
10 38000
11
12 4900
13
14 130
15
16 50
17
18 440
19
20
21
22
23 2100 2100 7.65
24 1100 1100 7.00
25 920 920 6.82
26
27
28
29
30 2300 | 2050 | 1237 1455 0.71 1968 0.96 2300 7.74
31 1100 |- 1100 7.00
32 0.009 3700 3700 8.22
33 1100 1100 7.00
34
35 670 670 6.51
36
37
38
39
40 2500 | 2575 830 977 0.38 1321 0.51 2500 7.82
41 1700 1700 7.44
42 0.007 3700 3700 8.22
43 2400 2400 7.78
44
45
46
47 4200 4200 8.34
48 6900 6900 8.84
49
50
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Cement Creck sub-segment or location
station or subbasin source category
distance to mouth (miles)
stream length for station (miles)
fraction of station stream length relative to total stream length
site or moniloring station identiication
sample date
sample season
flow measured or computed (cfs)
In of flow
flow for weighting concentrations
storm flow for weighting concentrations
snowmelt flow for weighting concentrations
baseflow for weighting concentrations
fraction of flow for weighting concentrations
traction of flow for weighting concentrations squared
fraction of storm flow for weighting concentrations
traction of It flow for weighting i
fraction of baseflow for weighting
dissolved zinc concentration (4g/L)
mean
standard deviation
90% confidence interval width
coefficient of 90% CI (1/2 90% CI width divided by mean)
95% confidence interval width
coefficicat of 95% CI (1/2 95% CI width divided by mean)
i d zin¢ o ion for NPSs
In of dissolved zinc jon for NPSs
storm flow dissolved zinc conoentration for NPSs
In of storm flow di d zinc ration for NPSs
snowmelt flow di d zinc ion for NPSs
In of It flow di d zinc ion for NPSs
flow di d zinc ion for NPSs
In of basef) issolved zinc ration for NPSs
difference in zinc concentrations between storm and snowmelt flows (ug/L)
difference in zinc concentrations between baseflow and storm flow
difference in zinc concentrations between baseflow and snowmelt Gow
length weighted dissolved 2inc i
storm flow length weighted dissolved zinc ation
It flow length weighted dissolved zinc ion
flow leagth weighted dissolved zinc )
flow weighted dissolved zine ration

b

- storm Oow ighted dissolved zinc ration

snowmelt flow weighted dissolved zinc concentration
) ighted di d zinc ion

hardness (mg/L as calcium carbonate)

In of bardness

storm flow In hardness

snowmelt flow In hardness

baseflow In hardness

chroaic hardness-based standard for brown trout

acute hardness-based standard for brown trout

class of standard d (c= of chronic standard,

a= d of acute dard)
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APPENDIX D. CEMENT CREEK DATA ANALYSIS

In this appendix, the data analysis methods discussed in Chapter 6 are applied,
tésted, and evaluated usiﬁg dissolved zinc data from the Cement Creek basin. The
methods will be considered useful if the information goals can be achieved and if
impaired stream segments and source areas can be targeted for remediation in an
efficient manner. The seven quantitative information goals discussed in Chapter 6
are addressed in this chapter.

D.1 Information Goal #1. Type and Extent of Water Quality Impairment and
Critical Conditions

For Cement Creek, the primary type of beneficial use impairment is impairment
of Class 1 cold water aquatic life habitat. No fish currently live in the creek, and
benthic macroinvertebrate communities, which are the food supply for fish, exist but
are impairéd. It is not yet known whether the creek could support a viable fish
population even if the mining waste problems were remediated due to natural
potentially high loadings and concentrations of toxic metals from mineralized sources.
Recreational uses, including fishing, are also impaired.

Once the magnitudes of dissolved and total zinc concentrations are known (as
discussed for information goal #3) and by using the screening procedure discussed
in Section 5.1, it can be shown that dissolved zinc is the primary constituent of
concern. Zinc has the highest mean and maximum concentrations in Cement Creek

as well as the greatest frequency of exceedances of acute and chronic standards for
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fish. Iron is also likely impairing aquatic life in Cement Creek to a certain extent as
a result of precipitation and adsorption onto solids on stream. bed material.
Calculation of the average ratio of dissolved to total concentrations reveals that
approximately 90% of the zinc is in the dissolved, or bioavailable form. This is partly
the result of the relatively low pH of the creek. Therefore, dissolved zinc can be
used as an indicator metal and will also be targetéd for control in the basin.

Whether high loadings to or concentrations in Cement Creek are the primary
problem is discussed under information goal #3. The frequency of concentratiéns
exceeding standards and loadings exceeding target values is discussed under
information goal #7.

One of the primary concerns regarding Cement Creek is its loadings of metals
(primarily zinc and aluminum) to the Upper Animas River. The type of beneficial
use impairment for this water body is also impairment of Class 1 cold water aquatic
life and recreational use. In this case, the river does support a viable fish population

that can likely be improved. Therefore, the Upper Animas River is being targeted

by CDPHE for restoration and attainment of desired beneficial uses. However,

targeting specific NPS areas and point sources in the Cement Creek basin for
remediation is required for the restoration of the segment of the Animas River below
Cement Creek.

The analysis in Appendix A showed that zinc loadings are significantly different
between seasons and are highest' during snowmelt, followed by storms and then
baseflow. Differences in concentrations are significant between snowmelt and
baseflow and between snowmelt and storms, but not necessarily between storms and
baseflow. Concentrations are generally highest during baseflow and lowest during
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snowmelt. Therefore, critical conditions to aquatic life in Cement Creek tend to
occur during baseflow conditions during the late summer, fall, and winter. In
addition, zinc loadings to the Upper Animas River during snowmelt and storms might

precipitate/adsorb onto solids as the pH of the water increases downstream and be

_déposited on the channel bottom. Later during baseflows, the solid zinc could

redissolve increasing the bioavailable concentrations in the Animas River creating
critical conditions. Therefore, both loadings from Cement Creek during high flows
and high concentrations in the Animas River during baseflow can be considered
critical conditions for this segment and should be targeted for control.
D.2 Information Goal #2. Areal ‘Extent and Contaminant Concentrations of NPSs

As discussed in more detail in Appendix E, this informafion is currently not
available for Cement Creek and cannot, therefore, be used in the targeting process
at this time. A cooperaﬁve inventorying effort by USBM and USBLM in the Upper
Animas River Basin, however, is currently in progress. Although sampling and
analysis for contaminant concentrations of NPSs is not being performed, the areal
extent and volumes of NPSs are being estimated as part of the study. When these
results are available, this information can also be used to aid m the targeting process.
D3 Information Goal #3. Magnitudes of Concentrations and Loadings
D.3.1 Concentrations |

The dissolved zinc concéntration at each station for each sampling event was
determined directly from the raw analytical results, and is presented in a database
(spreadsheet or table) format in column W in Table C2 in Appendix C. Each value
is also directly overlain on the site map in Figure B2 in Appendix B. The location
of each value can be readilyl observed from both the table and the map. It i_s
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implicitly assumed that each value represents a mean concentration for each station
for each season. These iﬁdividual concentration values can later be ranked to more
easily determine the highest values and their corresponding locations, as discussed
in Section D.7.1. The locations of the highest concentrations in stream segments are
in the North Fork of Cement Creek (CC06), upper Cement Creek from CC18
upstream, and in Prospect Gulch. During the final targeting process for the basin,
the potential uncertainty or measurement error associated with each value should be
considered to determine the. confidence in thg values and in compaﬁsons among
values. The estimated uncertainty is assumed to be the same for each measured
concentration value is 1 approximately 10% (discussed in Chapter 5).

The information goals defined in Chapter 4 were achieved for the entire Cement
Cfeek stream segment using the data analysis methods discussed in Chapter 6 using
all monitoring station locations. This information is presented in Table D1. The
stream-length weighted and flow-weighted mean concentrations for Cement Creek
were also computed for each season and for a year, and the time-weighted mean
concentration was computed for a year. These results are also presented in Table
D1.

To derive the time-weighted meaﬂ concentration, the average annual hydrograph
near the mouth of Cement Creek (CC48) based on only two years of data (water
years 1992 and 1993) was used (Figure D1). The time scale is divided into sections
based on the time period for each flow regime for which samples were collected.
For practical purposes, only two distinct flow regimes or seasons can be observed
using the hydrograph: snowmelt flow and baseﬂon. This time division is also
presented in Figure D1. It is estimated from the hydrograph that baseflow occurs
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Table D1. Cement Creek dissolved zinc concentrations (ug/L)

N 43 41 ) 17 128
MEAN 1159 796 1348 1041
90% CIM . 479 572 948 278
90% CCIM 0.21 0.36 0.35 0.13
95% CIM 574 686 1151 332
95% CCIM 0.25 0.43 0.43 0.16
LWMEAN ' 914 815 1639 1364
90% CIMLW 970
90% CCIMLW 0.36
95% CIMLW 1250
95% CCIMLW 0.46
FWMEAN 1194 892 978 987
90% CIMFW . 448
90% CCIMFW . . . 0.23
95% CIMFW : 576
95% CCIMFW 0.29
TWMEAN N/A N/A N/A 1204
MEDIAN 1000 810 940 930
90% CIMD ’ , 440 526 348 88
90% CCIMD 0.22 0.32 0.19 0.05
95% CIMD 517 590 546 116
95% CCIMD 0.26 0.36 0.29 0.06
SD 933 1087 1119 950
90% CISD 347 414 ' 714 197
90% CCISD 0.19 0.19 0.32 0.10
MINIMUM 4 4 10 4
MAXIMUM : 4200 6900 3700 6900
Table D1
Abbreviations:
N = sample size

909% CIM = 90% C1 width on meaa

90% CCIM = coefficient of 90% CI on mean (1/2 CI width divided by mean)

95% CIM = 95% CI width on mean

95% CCIM = coefficient of 95% CI on mean

LWMEAN = length weighted mean

90% CIMLW = 90% CI width on leagth weighted mean

90% CCIMLW = coefficient of 90% C1 on length weighted mean (1/2 Cl width divided by mean)
95% CIMLW = 95% CT wiith on length weighted mean

95% CCIMLW = coefficient of 95% C1 on length weighted mean
FWMEAN = flow weighted mean

90% CIMFW = 90% CI width on flow weighted mean

90% CCIMFW = coefficient of 90% CI on flow weighted mean (1/2 CI width divided by mean)
95% CIMFW = 959 CI width on flow weighted mean

95% CCIMFW = coefficient of 95% CI on flow weighted mean
TWMEAN = time weighted mean

909% CIMD = 90% confidence limit on median

90% CCIMD = coefficient of 90% CT on median (1/2 CT width divided by median)

95% CIMD = 95% confidence limit on median

95% CCIMD = coefficient of 95% C1 oa median

SD = standard deviation

90% CISD = 90% CI width on standard deviation

90% CCISD = coefficient of 90% CI on standard deviation (1/2 C1 width divided by standard deviation)
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during approximately 75% of the year, and snowmelt runoff occurs during the other
25% of the year (excluding storm events).

The time period (average number of days in a year) for storm runoff events is
derived using a different method. Historical climatological data from the Silverton,
Colorado precipitation station were obtained from the Colorado Climate Center in
Ft. Collins, Colorado. The storm of 9/7/91 that was sampled had a depth of 0.54
inches. The average number of days in a year for which a precipitation depth of 0.1
inches or greater occurs was determined to be 94 days. However, during six months
of the year this precipitation is usually in the form of snow. During the other six
months, it is in the form of rain. Approximately 47 days, therefore, have rain events
with preéipitation éreater than 0.1 inches. Forty seven days is the time period used
for time weighting the storm results for a year. It was also determined that the storm
sampled on 9/7/91 was a véry representative, or average, storm in any given year
because the precipitation depth for a storm with a return period of 1-year (depending
on the storm duration) is approximately 0.5 inches. After the number of days for
storm evénts is subtracted from 365 days, snowmelt occurs during 80 days and
baseflow occurs during 238 days.

As can be seen from Table D1, the mean and. length-weighted mean
concentrations in Cement Creek are both highest during baseflow conditions. All of
the computed mean, as well as the median, concentrations are lowest during
snowmelt. The length-weighted mean (1,639 ug/L) is significantly higher than the

mean (1,348 pg/L), and the mean is higher than the flow-weighted mean (978 ug/L)

- and median (940 pg/L) during baseflow. The mean (1,159 ug/L) is quite a bit higher

than the length-weighted mean (914 ug/L) during the storm event, while the flow-
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weighted mean and median are fairly close to the mean. The flow-weighted mean
for the storm event ( 1,194 pg/L) is higher than the ﬂow—weighfed mean for baseflow
(978 pg/L). The medians for the storm (1,000 ug/L) and snowmelt (810 ug/L) tend
to fall within the range of the means computed using the various methods, whereas
the median for baseflow (940 ug/L) is the smallest estimate of average conditions.

The different estimators of average conditions for baseflow tend to be more
variable than for the other flow conditions (i.e., the mean, weighted means, and
médian are not as close to each other for baseflow). This is probably due to the
smaller sample size (n=17) relative to storm (n=43) and snowmelt (n=41) used to
compute the estimators, and is also reflected in fhe computed standard deviafions.
The standard deviation (1,119 pg/L) (and its associated CCI [32%]) and 90% CI,,
width (948 ug/L) and 95% CI,, width (1,151 ug/L) for baseflow are greater than for
the other two flow regimes. It would generally be expected that the variability would
be smaller and the confidence in the estimated mean values would be larger for

baseflow than for the other flow regimes because of the small variations in flow

during this period. The range of concentrations, however, is greatest for snowmelt.

On an annual basis, the median is also the smallest eétimator of average
conditions (930 ug/L). The time-weighted mean (1,204 pg/L) and stream-length
weighted mean (1,134 ug/L) are both higher than the mean (1,041 ug/L) and the
flow-weighted mean (987 ug/L). The 90 and 95% CCI s for the arithmetic mean are
13% and 16%, respectively. The 90 and 95% CCI,s are only 5% and 6%,
respectively. The 90 and 95% CCl,,,s for the stream—length weighted mean are 36%

and 46%, reépectively, and the 90 and 95% CCI s for the flow-weighted mean are
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23% and 29%, respectively. The standard deviation is 950 pg/L, and its CCI, is only
10%.

The estimators of average concentrations in Cement Creek, or at individual
stations, can éasily be represented as bar graphs. Figure D2 presents a bar graph of
mean dissolved zinc concentrations in Cement Creek by season and on an annual
basis.

The estimate of and confidence in the mean is dependent on the computation
method used (i.e., mean, stream-length weighted mean, flow-weighted mean, or time-
weighted mean). _However, the mean values estimated using the different methods
do not appear to be much different. The arithmetic mean should be computed
because it generally has the smallest CCI,s. It still might be useful to use several
computation methods to examine the potential variability of the mean when

evaluating priority stream segments. The median is generally the smallest estimator

of average conditions, indicating nonnormal and right-skewed distributions, and has

the smallest CCIs. The median, therefore, should be computed for concentration

data. When using these average concentration values for comparing and targeting

_stream segments, the CI widths and CCIs should be considered explicitly in the

process. For small CCIs, greater confidence can be placed in decisions regarding
targeting. For large CCIs, decisions must be made with less certainty about average
conditions in the stream and comparisons between segments.

Once the magnitudes of concentrations were estimated, the locations and stream
length of concentrations exceeding applicable standzirds were determined. This ‘was

accomplished by computing the acute and chronic standards for each metal
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concentration measured at each station for each season using the corresponding or

representative hardness value, and then directly comparing each concentration to the

- two standards. This analysis was performed for Cement Creek, the results of which

are presented in Table C2 in Appendix C in columns BA through BH. Column BH
shows the monitoring points where chronic or acute aquatic life standards are
exceeded. Figure B2 in Appendfx B presents a map of the watershed showing these
locations and the extent of the problem during snowmelt. As can be seen from the
table and map, most of the exceedances are chronic exceedances and occur in the
upper part of the basin. Chronic exceedances occur at CC0S and upstream and at
CC18 in upper Cement Creek. The North Fork of Cement Creek exhibits acute
exceedances, and Prospect Gulch exhibits chronic as well as acute exceedances. On
an annual basis, 16 monitoring stations exhibited chronic exceedances and 4 stations
exhibited acute exceedances out of 117 samples. The estimated total stream length
exceeding standards is 4.68 miles out of a total of 23.78 miles of stream length in the
basin (20%). Most of the exceedances are related to low hardness values as well as
elevated zinc concentrations.

Cement Creek will probably ﬁot be targeted for restoration in the near future
given the current lack of fish in the stream and severity of the problem. The
magnitudes of concentrations in Cement Creek, and the extenf of the use
impairment, would be of more value if this stream segment was being compared to
other segments as part of the targeting process and/or being targeted for restoration.
If this were the case, the reaches that exhibit lower concentrations and that don’t
exhibit exceedances might be targeted because they are more likely to be able to
support aquatic life even theugh the locations and stream reaches that exhibit

287




i
3
v <

exceedances are more impaired. Concentrations in the creek during baseflow
conditions could be targeted. However, the magnitudes of concentratipns in Cement
Creek and the exceedances of standards are also indicators of source areas in the
basin that are loading metals to the Upper Animas River below Cement Creek as
well as to Cement Creek itself.

D.3.2 Loadings

The loading at each station for each sampling event was determined using either

" Equation 5.1 or 5.2 and the corresponding concentration and flow values. The

loadings are presented in a database format in column O in Table C1 in Appendix
C, as well as directly overlain on the site map (Figure B3 in Appendix B). The
location of each value can be readily observed using both the table and the map. It
is assumed that these each value represents a mean loading for each station for each

season. These individual loading values can later be ranked to more easily.

* determine the highest values and their corresponding locations, as discussed in

Section D.7.1. The greatest loading (45,039 g/day) is from the large subbasin CC48-
CCA47 during snowmelt. This subbasin also contributed a large loading during the
receding limb of snowmelt and even during baseflow. Discharge from Ross Basin to
sfation CC01, and from subbasin CC31-CC30, also exhibited high loadings during
snowmelt. The much smaller subbasins CC20-CC19-CC18, CC28-CC27, and CC36-
CC34-CC35 also contributed relatively large loadings during snowmelt and storm
flows. It should be mentioned that some of the loadings estimated as the differences
between loadings measured at two or more adjacent stations using the NPS reach
gain/loss analysis have relatively large potential errors associated with them and
should be used with caution. During the final targeting process for the basin, the
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potential uncertainty or measurement error associated with each value should be
considered to determine the confidence in the values and in comparisons among
values. This value -is + at least approximately 18% and can vary depending on
whether it was estimated at a monitoring station or estimated using the NPS reach
gain/loss analysis and how many upstream stations were used to compute the loading
between adjacent stations (discussed in Chapter 5).

The information goals defined in Chapter 4 were achieved using the methods
discussed in Chapter 6 for the entire Cement Creek stream segment. All of this
information is presented in Table D2. The maximum mean daily loading to Cement
Creek from all first order subbasins occurs during snowmelt (218,705 g/day), and the
minimum is during baseflow (21,449 g/day). On an annual basis, the mean daily
loading (125,634 g/day) is greater than the time-weighted mean daily loéding (79,834
g/day). The median daily loading is the highest estimate (136,747 g/day). The 90%
CCI, is 70% and the 95% CCI,, is 109%. The standafd deviation is 99,097 g/day,
and its CCI; is almost 200%. All of these CIs are large pﬁmarﬂy because of the
small sample size (n ¥4). The large CIs indicate that caution must be used when
using annual loading values in the final comparison and targeting procesé for the
basin.

The maximum total loading occurs during snowmelt (17,387 kg), and the
minimum is during baseflow (5,116 kg). Storms account for 6,427 kg. The time-
weighted total loading for a year is 28,930 kg.. Therefore, loading during snowmelt

accounts for 60%, storm loading accounts for 22%, and baseflow loading accounts

for 18% of the annual total. Figure D3a is a bar graph of the total zinc loadings to

Cement Creek by season, and Figure D3b is a pie chart showing percentages of the
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Table D2. Cement Creek dissolved zinc loadings (g/day)

N 49 33 15 120
MEAN (DAILY) 136747 218705 21449 125634
90% CIM N/A N/A N/A 175888
90% CCIM . N/A N/A N/A 0.70
95% CIM N/A N/A "N/A 273882
95% CCIM N/A N/A N/A 1.09
TWMEAN N/A N/A N/A 79834
MEDIAN N/A N/A N/A 136747
sD N/A N/A N/A 99097
90% CISD N/A N/A N/A -380532
90% CCISD N/A N/A N/A 1.92
MINIMUM N/A N/A N/A 21449
MAXIMUM " N/A N/A " N/A 218705
TOTAL (kg) 6427 17387 5116 28930
% OF ANNUAL 0.22 0.6 0.18 1.00
TOTAL MINIMUM N/A N/A N/A 5116
TOTAL MAXIMUM N/A N/A N/A | 17387
Table D2

Abbreviations:

N = mampie size

90% CIM = 90% CI width on mean

909 CCIM = coefficient of 90% CI on mean (1/2 CI width divided by mean)
95% CIM =.95% CI width on mean

95% CCIM = coefficient of 95% CI on mean

TWMEAN = time weighted mean

SD = standard deviation

90% CISD = 90% CI width on standard deviation

90% CCISD = coefficient of 90% CT on standard deviation (1/2 C1 width divided by standard deviation)

Table D3. Loadings of dissolved zinc into and out of Cement Creck

|
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MEAN (DAILY) IN (g/day) 136747 218705 21449 125634
MEAN (DAILY) OUT (g/day) 41816 145754 29827 56778
MEAN (DAILY) DIFFERENCE 94931 -72951 8378 68856
TOTAL IN (kg) 6427 17387 5116 28930
TOTAL OUT (kg) - 1965 11660 7099 20724
TOTAL DIFFERENCE 4462 5727 1983 -8206
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_annual zinc loading to Cement Creek by season.

It is useful to evaluate the mass loading of dissolved zinc into Cement Creek in

“conjunction with the load out of the basin to estimate either the unaccounted for

loadings into the creek or losses.within the stream. Table D3 presents the estimated
total loadings into Cement Creek, loadings at the mouth of the creek, and gains or
losses on a seasonal and annual basis. As can be seen from the table during storms
and snowmelt, loadings into the creek are greater than loadings out, indicating losses
of mass within the creek system. During baseflow, however, loading out is greater
than loading into .the creek. This shows a net gain in dissolve(i zinc mass through the
system that includes unaccounted for or unmeasured loadings. On an annual basis,
the loading into the system is greater than the loading out, indicating a net annual .
loss .of mass from the stream system. All of the estimated differences aré less than
the corresponding poteniial errors or uncertainty of the individual loading estimates
(as discussed in Chapter 5). This indicates that some confidence can be placed in
the positive or negative differences.

Because the Animas River is being targeted for restoration, the loadings to and

from Cement Creek can be compared to the loadings from other sources or

.subbasins to target subbasins for remediation. A preliminary analysis of the loadings

from the Upper Animas River and Mineral Creek indicates that Cement Creek is
contributing the greatest amount of zinc loadings to downstream areas of the Animas
River and should be targeted for remediation. The loadings to Cement Creek,
therefore, must be reduced in order to restore the Upper Animas River.
Remediation of source area loadings during high flows (snowmelt and storms) should
Be targeted. Information on the loadings to Cement Creek would also be useful for
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comparison among other stream segments (as an indicator of impairment), such as
the Upper Animas River or Mineral Creek, if Cement Creek itself were being
targeted for remediation. The loadings estimated here can also be used later to
estimate the reduction and percentage reduction in loadings required to meet target
loadings, water quality standards, or stream restoration goals.
D33 Unit Area Loadings

The unit area loading at each station Ifor each sampling event was determined
using Equation 5.3 and the corresponding loading value. The unit area loédin_gs are
presented in a database format in column AA in Table C1 in Appendix C, as well
as directly overlaid on the site map (Figure B3 in Appendix B). The location of each
value can be readily observed using both the table and the map. It is assumed that
each value represents a mean unit area loading for each station for each season.
These individual unit area loading values can later be ranked to more easily
determine the highest values and their corresponding locations, as discussed in
Section D.7.1. The small subbasin CC20-CC19-CC18 in the vicinity of the American
Tunnel exhibits the greatest mean daily unit area loading (1,422 g/ac-day) during
snowmelt. The next greatest mean daily unit area loadings are from the small
subbasin CC28-CC27 below Prospect Gulch during the storm event (757 g/ac-day)
and from subbasin CC20-CC19-CC18 during the storm (540 g/ac-day). As expected,
the smgllest unit area loadings are from background areas and during baseflow
conditions. It should be noted, however, that each of these loadings was estimated
as the difference between loadings at two or more adjacent stations and that the
estimated errors in the loadings are not that much smallef than the computed
loadings themselves. The greatest unit area loading (48.73 g/ac-day) actually
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measured at a station is at CC01 during snowmelt. During the final targeting process
for the basin, the potential uncertainty or measurement error associated with each
value should be considered to detemﬁne the confidence in the values and in
comparisons among values. This value is + at léast approximately 18% and can vary
depending on whether it was estimated at a monitoring station or estimated using the
NPS reach gain/loss analysis and how many upstream stations were used to compute
the loading between adjacent stations (discussed in Chapter 5).

The information goals that were defined.in Chapter 4 were achieved for the
entire Cement Creek stream segment using the data analysis methods discussed in
Chapter 6 using all monitoring station locations. These results are presented in
Table D4. The maximum mean daily unit area loading occurs during snowmelt (77
g/ac-day), and the minimum occurs during baseflow (1.7 g/ac-day). For all flow
regimes, the median daily unit area loadings are much smaller than the mean values.
This results from the lérge number of zero or very small unit area loadings and the
nonnormal (right-skewed) distributions. TI;e maximum median value is 5.3 g/ ac-day
for snowmelt, and the minimum is 0.2 g/ac—day for baseflow. The CCI,s are very
large for all flow regimes (ranging from 86 to 134%). The CCI s are even larger
(ranging from 147 to 478%). The compufed standard deviations are also large. The
range of unit area loadings is greatest for snowmelt and smallest for baseflow.

On an annual basis, the time-weighted mean daily unit area loading (24 g/ac-day)
is less than the mean value (46 g/ac-day). The 90 and 95% CClI,s are smaller for
the annual mean than for the seasonal means. The median unit area loading (1.5
g/ac-day) is much smaller than the time-weighted mean, indicating a right-skewed
distribution. Although the annual standard deviation is large (179 g/ac-day), its 90%

294



Table D4. Cement Creek dissolved zinc unit area loadings (g/ac-day)
MEAN (DAILY) 42 1.7 46
9% CIM ) 72 165 3.64 | - 62
90% CCIM 0.86 1.07 1.09 0.67
95% CIM 86 199 4.5 : 74
95% CCIM 1.02 1.29 1.34 . 0.80
TWMEAN N/A ) N/A N/A 24
MEDIAN 2.6 - 83 0.2 1.5
90% CIMD ’ 8.9 15.5 1.5 3.6
90% CCIMD 1.74 1.47 3.63 1.20
95% CIMD ) 9.5 15.8 ’ 1.9 59
95% CCIMD ] 1.85 1.49 4.78 2.00
sD . 139 267 33 179
90% CISD’ 52 121 2.8 43
90% CCISD 0.19 0.23 0.43 0.12
MINIMUM 0 0 0 0
MAXIMUM 758 1422 11.2 1422
TOTAL (g/ac) 1989 6133 398 16673
TWTOTAL N/A N/A N/A 8520
% OF ANNUAL 0.12 0.37 0.02 1.00
% OF TWANNUAL 023 0.72 0.05 1.00
TOTAL MINIMUM N/A N/A N/A 398
_|TOTAL MAXIMUM N/A N/A N/A - 6133
- Table D4
Abbreviations:
N = sample size

90% CIM = 90% CT width on mean
90% CCIM = coefficient of 90% CI on mean (1/2 CI width divided by mean)
95% CIM = 95% CI width on mean

95% CCIM = coefficient of 95% CI on mean

TWMEAN = time weighted mean
90% CIMD = 90% i limit on
90% CCIMD = coefficient of $0% CI on median (1/2 C1 width divided by median)

95% CIMD « 95% confid limit on medi

95% CCIMD = coefficient of 95% CI on median

SD = standard deviation

90% CISD = 90% C1 width on standard deviation

90% CCISD = coefficient of 90% CI on standard deviation (1/2 CI width divided by standard deviation)
TWTOTAL = time weighted total

TWANNUAL = time weighted annual

.
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CCI,, is not (12%). Figure D4 presents a bar graph of mean daily zinc unit area
loadings to Cement Creek by season. and on an annual basis.

The estimate of and confidence in the average unit area loading is dependent on
the computation method used (i.e., mean, time-weighted mean, or median). It is
useful to use several computation methods to examine the potential variability of
estimates of average conditions when evaluating priority stream segments. Although
it has the largest CCIs, the median is generally the smallest estimator of average
conditions, indicating nonnormal and right-skewed distributions. The median,
therefore, should be computed for unit area loading data. The arithmetic mean
should also be computed because it has smaller CCIs and should be used for
estimating total unit area loadings. When using these average unit area loading
values for comparing and targeting stream segmeﬁts and basins, the CI widths and.
CClIs should be considered explicitly in the process. For small CCIs, greater
confidence can be placed in decisions regarding targeting. For large CCIs, decisions

must be made with less certainty about average conditions in the watershed and

-comparisons between basins.

The maximum total unit area loading occurs during snowmelt (6,133 g/ac), and
the minimum is during baseflow (398 g/ac). The total unit area loading for a year
is 16,673 g/ac, whereas the time-weighted total value is 8,520 g/ac. Unit area
loading during snowmelt accounts for 72%, loading during storms accounts for 23%,
and loading during baseflow accounts for 5% of the time-weighted total unit area
loading for the year. Figure D5a presents a bar graph of the zinc unit area loading

to Cement Creek by season, and Figure D5b is a pie chart of percentages of annual
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zinc unit area loading to Cement Creek by season.

This information would be more useful if the loadings to Cement Creék were
being compared to the loadings to other stream segments as paﬁ of the targeting
process or if Cement Creek was being targeted for restoration because the unit area
loadings to the creek indicate the intensity of tl.le. source areas, and areas that, if
remediated, might provide for the most cost effective remediation. The source areas
exhibiting the highest unit area loadings can be targeted for remediation, especially
during snowmelt and storm flows.

D4 Information Goal #4. Locations of Loadings to and Losses from Stream
Segments

For Cement Creek several methods were used to determine locations of loadings
to and losses from stream segments within the basin. The location of each loading
estimated in Section D.3 is first presented in column H in Table C1 in Appendix C.
The magnitudes were alsoloverlain directly on a site map for easy visual reference
(Figure B3). In addition, plots of concentfations. and loadings versus distance along
the main stem of Cement Creek for each season are presented in Figures D6 and
D7, respectively.

Figures D6a through D6c show dissolved zinc concentrations versus distance
along the main stem of Cement Creek for the storm, snowmelt, and baseflow
sampling events, respectively. The first two figures show a significant increase in
concentrations between mile 8 and mile 7, with the highest concentration in the main
stem near mile 7. The last figure also shows the highest concentration near mile 7.
These locations are generally between stations CC05 and CC18. It appears from
these figures that the subbasins in-the upper part of the Cement Creek basin
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(between CCO1 and CC18), including the small subbasin CC18-CC05, and the North
Fork of Cement Creek are contributing significant loadings to the main stem.
Concentrations decrease again between mile 7 and 6. This indicates either dilution
in the main stem from inflowing less contaminated water downstream, .loss to
groundwater along the main stem, or adsorption/precipitation with increasing pH
downstream resulting in decreasing dissolved concentrations. Concentrations
continue to decrease gradually or level off all the way to the mouth.

Figures D7a through D7c show dissolved zinc loadings versus distance along the
main stem of Cement Creek for.the storm, snowmelt, and baseflow sampling events,
respectively. Figure D7a shows that during the storm event, loadings generally
increase from mile 8.5 to between miles 6 and 5, and that the largest increase occurs
between miles 7 and 5 and 1/2. Loadings, however, decrease significantly between
miles 5 and 1/2 and 4 and 1/2. This indicates that there is a loss of dissolved zinc
mass in this section of the main stem, possibly due to infiltration of water to
groundwater or adsorption/precipitation of dissolved zinc onto solids downstream
with increasing pH. However, loadings increase again between miles 4 and 3 and
1/2 and then tend to generally level off all the way to the mouth. As Figure D7b
shows for snowmelt, loadings tend to increase from mile 7.5 to mile 5, and then
decrease sharply to mile 4. Loadings increase again sharpiy to mile 3 and 1/2, and
then decrease to mile 3 and fluctuate to the mouth. Figure D7c shows that for
baseflow, loadings increase significantly from mile 7 to mile 5 and then level off

somewhat to mile 4. Loadings then decrease slightly from mile 4 to mile 1 and 1/2.

Loadings increase again to mile 1, then another loss of the dissolved load to the

mouth.
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These variations over space indicate that the locations of the greatest loadings
to Cement Creek are from upper Cement Creek (CC28 or CC31 and upstfeam),
including the north and south forks of Cement Creek and Prospect Gulch, and the
subbasins between CC39 and CC34. The large subbasin CC48-CC47 also contributes
a large loading. A significant loss occurs between CC28 and CC34 during the storm,
and between CC31 and CC34 during snowmelt. Some of the loadings, however, are
estimated as the differences between loadings measured at two or more adjacent
stations, have relatively large potential errors associated with them, and should be
used with caution. | |

Figures D8a through D8c are bar graphs showing zinc loadings in tributaries
to the main stem of Cement Creek for the different flow regimes. During a storm,
loadings from the South Fork of Cement Creek and Upper Cement Creek are the
highest (21,581 and 18,853 g/day, respectively), while loadings from Cascade and
Topeka are the lowest. During anwmelt, loadings are highest from the South Fork
of Cement Creek and Prospect Gulch (15,041 and 11,855 g/day, respectively), and
lowest from Cascade and Niagara. Although fewer data points were available for
baseflows, loadings are again greatest from Upper Cement Creek and the South Fork
of Cement Creek (5,767 and 3,939 g/day, respectively) and lowest from Porcupine
Gulch.

Many of these subbasins contributing loadings to the reach of Cement Creek
where increases iﬂ concentrations, in conjunction with increases in loadings, are
observed should probably be targeted for remediation. However, as indicated by the
decrease in concentrations downstream due to losses, isolating factors related to
distances should also be c.:onsidered, as discussed in the next section.
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D.5 Information Goal #5. Distances Between Sources and Watercourses and
Impaired | Stream Segments

For Cement Creek, the distances (miles) from all monitoring stations and first
order subbasins (source areas) to the mouth (confluence of Animas Rivei') were
measured from site topographic maps. These distances are presented in column C
in Table C1 along with the dissolved zinc loadings and unit area loadings from each
subbasin. Each first order subbasin is directly adjacent to a watercourse; Cement
Creek or a tributary to Cement Creek. However, the Upper Animas River is the
primary stream segment of concern in this case. Therefore, thé distances from the
source areas to the Upper Animas River were used in this analysis.

As can be seen from the table, the largest loading is from subbasin CC48-CC47,
the outlet of which is less than a mile from the Animas River. The next highest
loading is from subbasin CC01 at the headwaters of Cement Creek (8.39 miles from
the Animas). With the excepfion of baseflow loading again from CC48-CC47, the
remainder of the top ten loaders are between 3.75 and 6.77 miles from the mouth
of Cement Creek. It is not currently known whether or not there are isolating factors
in that stream reach that prevent a significant fraction of the loading from the farther
source areas from reaching the Animas River. For example, it is not clear whether
much of the loading from subbasin CCO1 is actually transported to the mouth. The
loss of loading downstream is greater than the loading from CCO01, so that CC01
loadings might not reach the mouth at all. However, some of the loss could be

attributed to precipitation/adsorption. Therefore, the zinc loading from CCO01 could

still be transported downstream (only in a different forrh). Remediation of source

areas in subbasin CC01, therefore, might still Be effective. Subbasin CC48-CC47 and
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other subbasins contributing loads between miles 3.75 and 6.77 can also be targeted
for remediation. Tradeoffs between distance and loading magnitudes might need to
be evaluated using some judgement and additional field reconnaissance to target
areas in that stream reach.

With regard to unit area loadings, the largest is from subbasin CC20-CC19-CC18
(location of American Tunnel) located 6.65 miles upstream. The rest of the top ten
unit area loadings are from subbasins between 3.09 and 6.84 miles from the Animas
River. Again, additional évaluation of source areas, loading x.nagnitudes, and effects
of distance within this reach might be required to target specific areas for
remediation. However, the American Tunnel and these other subbasins contributing
large loadings to this reach should be targeted for remediation.

The loadings and unit area loadings are also presented in Figure B3 in Appendix
B, where the distances from the source areas exhibiting the largest loadings to the
Animas River can be visually observed. The source areas can be targeted for
remediation, considering distances, with the aid of this map.

D.6 Information Goal #6. Differences Between Magnitudes of Concentrétions in'
and Loadings to Stream Segments
D.6.1 Concentrations

In order to obtain the required information and use the methods discussed in
Section 6.6, Cement Creek was divided into two stream segments: an upstream
segment extending from the headwaters to Station CC30, and a downstream segment
extending from CC30 to the mouth. It is believed that the upstream segment is more
heavily impacted from mining waste and exhibits higher concentrations than the
downstream segment. Information obtained for the two segments of Cement Creek
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included the magnitude of differences and relative differences between seasonal
mean concentrations and between annual mean concentrations. In addition, the
annua;l differences were also calculated as the aifference between the time-weighted
mean concentrations in each segment.

The results of these analyses are presented in Table D5. Figure D9 is a bar
graph of the mean concentrations in the two segments on a seasonal and annual
basis. The seasonal mean concentrations in the upper segment are consistently
higher than those in the downstream segment, with the differences ranging from 365
pg/L during baseflow to 583 ug/L during snowmelt. The relative mean differences
range from 42% during baseflow to 72% duriné the storm. On an annual basis, the
difference is 435 ug/L, or 56% of the smaller value for the downstream segment.
Because the CI,s for each of the estimated values are relatively large, they do
overlap. This will probably be the case for most IAMs, given the potentially small
sample size and large CIs computed. This limits the usefulness of incorporating the
overlap of the CIs into the ex;aluation of the significance of differences in
concentrétions. However, the CI,, width about each value should be used in the final
evaluation of differences and the targeting process because it represents the
uncertainty associated with each value. The larger the CI,, the greater the
uncertainty associated with the estimated value and the greater the uncertainty
associated with the estimated difference between values.

Figure D10 shows multiple box-and-whisker plots for concentrations in the two
reaches of Cement Creek on a seasonal and annual basis. These plots show that the

concentrations are different in the two segments on an annual basis and during

307



- NN S

Table DS. Cement Creek differences in dissolved zinc concentrations

in upstream and downstream segments (ug/L)

UPSTREAM MEAN 1390 947 1478 1223
DOWNSTREAM MEAN 807 583 1043 784
DIFFERENCE IN MEAN 583 365 435 439
REL. DIFF. IN MEAN 0.72 0.63 0.42 0.56
UPSTREAM TWMEAN N/A N/A N/A 1350
DOWNSTREAM TWMEAN N/A N/A N/A 911
DIFFERENCE IN TWMEAN N/A N/A N/A 439
REL. DIFF. IN TWMEAN N/A N/A N/A 0.48

Table DS

Abbreviations:

TWMEAN = lime weighted mean

from NPSs and point sources

Table D6. Cement Creek differences in dissolved zinc loadings

NPS MEAN (g/day) 134455 211905 17806 121389
POINT SOURCE MEAN (g/day) 1666 6258 3640 3855
DIFFERENCE IN MEAN _ 132789 205647 14166 117534
REL. DIFF. IN MEAN 80 33 3.9 30
NPS TOTAL (kg) 6319 16846 4247 27413
POINT SOURCE TOTAL (kg) 78 497 868 1444
DIFF IN TOTAL 6241 16349 3379 25969
REL. DIFF. IN TOTAL 80 3 3.9 18
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storms, but might not be different during snowmelit and baseflow.
D.6.2 Loadings

In order to obtain the required information (Chapter 4) and use the methods
discussed in Section 6.6, differences between loadings to the entire Cement Creek
segment from NPSs and point source areas were evaluated. It is believed that NPSs
contribute greater loadings to the stream than point sources. To evaluate thesé
differences, NPSs, point sources, and background sources were first delineated. Each
monitoring station (and each conespondiné subbasin contributing to each monitoring
station for NPSs and background sources) was assigned to an NPS, point source, or
backgrouﬁd source category depending on what type of discharge the station was
monitoring. Although not all point sources were sampled, the monitored point
sources were the most significant point sources in the basin and were easy to
categorize based only on the field sampling activities. Determinations of NPS and
background subbasins were somewhat more subjective and were made using USGS
topographic maps and aerial color infrared photographs in conjunction with field
reconnaissance, discussion with USGS staff conducting a background study in the
basin, and limited engineering judgement. Therefore, subbasins were categorized as
NPSs if they contained a large number of manmade sources or the fraction of the
disturbed areas relative to the total area. of the subbasin was large. The
determination of "large" values was not made quantitatively: instead engir;eering
judgement was used for the most part. These NPS subbasins also contained some
background sources within them, and could have contained a small number of
unknown or unmonitored point sources. Alternatively, subbasins were categorized
as background if they contained a very small number of manmade sources or the
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fraction of the disturbed areas relative to the total area of the subbasin was very
small. Again, the determination of "very small" values was not made quantitatively.
These background subbasins contained either no manmade sources or a small
quantity of NPSs or point sources within them.

The results of these analyses are presented in Table D6. Figur.es D11 and D12
are bar graphs showing the differences in mean daily and total loadings, respectively,
from the two types of sources on a seasonal and annual basis. The measured or
estimated loadings from NPSs are consistently much higher than those from point
sources on a seasonal and annual basis. The difference between mean daily loadingé
for the year is 117,534 g/day, and the seasonal differences range from 14,166 g/day
'during baseflow to 205,647 g/day during snowmelt. ’I;he relative differences are all

very high, emphasizing the significant differences. The annual difference between

total loadings is 25,969 kg, and the seasonal differences range from 3,379 kg for

baseflow to 16,349 kg for snowmelt. All of the relative differences are very high.
The CI, width about each value should be used in the final evaluation of

differences and the targeting process because it represents the uncertainty associated
with each value. The larger the CI, the greater the uncertainty associated with the
estimated value and the greater the uncertainty associated with the estimated
difference between values.
D.6.3 Unit Area Loadings

| Differences in unit area loadings to the entire Cement Creek segment from NPSs
and background source areas were evaluated. In order to evaluate these differences,
NPSs and béckground sources were first delineated using the methods discussed in
the previous section.
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Figure D1L. Bar graphs of mean daily dissolved zinc loadings to Cement
Creek from NPSs and point sources
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The results of these analyses are presented in Table D7. Figures D13 and D14
are bar graphs of the mean daily unit area loadings and total unit area loadings,
respectively, to Cement Creek from the two sources on a seasonal and annual basis.
As can be seen from the table, the mean daily and total unit area loadings from
NPSs are consistently much higher than those from background sources on a seasonal
basis. The differences in mean daily unit area loadings range from 2.01 g/ac-day
during baseflow to 100 g/ac-day during snowmelt. The difference in annual mean
daily unit area loadings is 50 g/ac-day. Using the time-weighted means, the
difference is 31 g/ac-day. The relative differences are all extrefnely high, reflecting -
the significance of the differences. The differences in total unit area loadings range
from 480 g/ac during baseflow to 7,950 g/ac during snowmelt. The annual difference
is 21,671 g/ac, and the time-weighted annual difference is 11,084 g/ac. Again, the
relative differeﬁces are all extremely high. Because th¢ Cf,,_s for each of the
estimated values are very large, they do overlap. This limits the usefulness of this
procedure. However, the CI, width about each value should be used in the final
evaluatioﬁ of differences and the targeting process bécause it represents the
uncertainty associated with each value. The larger the CI,, the greater the
uncertainty associated with the estimated value and the greater the uncertainty
associated with the estimated difference between values.

Figure D15 pfesents a multiple box-and-whisker plot of unit area loadings from
the two sources on a seasonal and annual basis. It is obvious from these plots that
the unit area loadings from NPSs are consistently greater than those ffom

background sources.
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Table D7. Cement Creek differences in dissolved zinc unit area loadings

from NPSs and background sources

NPS MEAN 57 101 2.03 60
BACKGROUND MEAN 0.48 0.4 0.02 0.37
DIFFERENCE IN MEAN 56 100 2.01 59
REL. DIFE. IN MEAN 117 250 1000 159
NPS TWMEAN (g/ac-day) N/A N/A N/A 31
BACKGROUND TWMEAN (g/ac-day) N/A N/A N/A 0.16
DIFFERENCE IN TWMEAN N/A N/A N/A 31
REL. DIFF. IN TWMEAN N/A N/A N/A 194
NPS TOTAL 2668 7990 485 21806
BACKGROUND TOTAL 23 31 5 135
DIFFERENCE IN TOTAL 2645 7959 480 |. 21671
REL. DIF. IN TOTAL 115 257 96 160
NPS TWTOTAL (g/ac) N/A N/A N/A 11 143—
BACKGROUND TWTOTAL (g/day) - N/A N/A N/A 59
DIFF. IN TWTOTAL N/A N/A N/A 11084
REL. DIF. IN TWTOTAL N/A N/A N/A 189
Table D7
TWMEAN = time weighted mean
TWTOTAL = time weighted total
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Bar graphs of dissolved zinc mean daily unit area loadings to
Cement Creek from NPSs and background sources
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One of the inherent problems with using the methodology discussed above is in
the definition of NPSs and background sources. An area or subbasin that is
categorized as an NPS area because it contains a large or multiple NPSs also
contains background sources. The NPS loadings are, therefore, overestimated and
the background source loadings are underestimated. One way to attempt to account
for this situation and estimate loadings from and differences between the two sources
more accurately is to extrapolate the estimated unit area loadings from the sampled
background sources to the entire watershed. This method implicitly assumes that the
mean unit area loading from the measured background areas is representative of the
background loading froin the rest of the watershed. Thé time-weighted mean annual
unit area loading for background sources was estimated as 58.86 g/ac, or
approximately 60 g/ac. If this value is extrapolated over the 13,056 acres of the
Cement Creek subbasin, the total loading is equal to 783 kg/yr from all background

sources. The 60 g/ac is also subtracted from the time-weighted mean annual unit

-area loading from NPSs (8,520 g/ac) to derive a "corrected " time-weighted mean

annual unit area loading from NPSs equal to 8,460 g/ac. This value is multiplied by
the area of the Cement Creek subbasin to derive a value of 110,453 kg/yr from
NPSs. This is higher than the total loading from NPSs that was estimated without
making the correction for background loadings from NPS subbasins. Therefore, the
potential loadings from background sources is estimated at less than 1% of those
from NPSs. Even if the estimate of loadings from background sources is actually an
order of magnitude higher than 783 kg/yr, the loadings from background sources

would still be less than 10% of those from NPSs in the basin.
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D.7 Information Goal #7. Frequency or Risk of Exceeding a Target
Concentration in and Loading to a Stream Segment

D.7.1 - Concentrations

Risk of Exceedance

The nonparametric approach was used to estimate the cdfs for dissolved zinc
concentrations in Cement Creek for each season and a year. Figure D16a presents
a cumulative distribution plot of all observed dissolved zinc concentrations in the
Cement Creek segment based on ranking all of the observed data for the year (all
events). Figures D16b through D16d present the concentration cumulative
distribution plots based on ranking the observed data for each season.

All four figures show many values in the range of 1,000 ug/L. The cumulative
distributions for data from all events and from the snowmelt event both show that
the one high value of approximately 6,800 ug/L is considerably higher than the other
values and has a very small probability of being exceeded. The cumulative
distribution for the storm event shows a couple of high values between 3,000 and
4,500 ug/L that have a relatively small risk of being exceeded. The cumulative
distribution for baseflow shows two values in the range of 3,700 ug/L that have less
than a 10% risk of being exceeded.

Numerical standards for dissolved zinc concentrations can be computed for a year
or a season based on the estimated cumulative frequency distributions using two
methods (CDPHE, 1991a):

1. the ambient concentrations as the values of the 85th percentiles of the metal
frequency distributions for each season and a year

2. using the following formulas for fish (Brown Trout):
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Acute = e(0.8473[ln(h.lrdm:.u)]+0.8604)

Chronic = e©%73la(bardncs:)]+0.7614)

and the hardness measured for each sample or the concentration of the 90th
percentile of the observed hardness frequency distributions for each season
and a year '

Numerical ambient standards for total zinc concentrations can also be computed
using the concentration of the S0th percentile of the metal frequency distributions for
each season and a year. According to the first method for dissolved zinc and the
method for total zinc based on the estimated frequency distributions for each season
and a year, there will be a 15% and 50% risk, respectively, that the estimated
standards'will be exceeded anywhere in the stream segment when a random sample
is collected at any given time during those periods. The risks that the concentrations
(standards) computed using the hardness data will be exceeded can also be estimated
using the derived cumulative frequency distributions.

The ambient standard (concentration) for dissolved zinc in Cement Creek for a
year is estimated as 1,600 ug/L using the first method discussed above. By definition,
this is the natural concentration in the stream segment that has a risk of
approximately 15% of being exceeded anywhere in the creek when a random sample
is collected anytime during .the year that the data were collected. Using equations
6.2 and 6.3, the 90% CI width for this quantile is 200 ug/L (13% of x,;). Using the
method discussed in Gilbert (1987) for estimating the CI of a proportion, the CI
width for the estimated proportion of 15% is 12% (the lower confidence limit is 9%
and the upper confidence limit is 21%). Generally, the most important information
regarding uncertainty for the ambient standards is the CI on the percentile (not the
CI on the proportion) because we are usually interested in the uncertainty of the
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estimated ambient concentration or standard itéelf. The uncertainty of the values
should then be used in the final ta_rgetirig process.

Using the second method to compute the chronic and acute standards for each
sample, the average chronic and acute standards for fish (Brown Trout) anywhere in
Cement Creek for a year are 3,542 and 7,272 pg/L, respectively. Based on the
observed data, these chronic and acute values have risks (proportions) of
approximately 3% and 1%, respectively, of being exceeded anywhere in the creek
when a random sample is collected at any time during the year the creek was
monitored. Generally, the most important information regarding uncertainty for the
fish standards is the CI on the proportion (not the CI on the percentile) because we
are usually interested in the uncertainty of the risk of exceeding the estimated
aquatic life standard. The uncertainty of the values should then be used in the final
targeting process.

Ranking

Column G i_n Table D8 shows the ranking of the highest concentration data from
a subset of stations in the Cement Creek segment for each season and a year as well
as the location of each datum. As can be seen from the table, station CC06 at the
mouth of the North Fork of Cement Creek exhibited the highest concentration (6,900

pg/L) during the year which was observed during snowmelt. This is somewhat

counterintuitive, since it is generally believed that snowmelt tends to increase
loadings but dilute concentrations in the stream segments. The second highest
concentration during the year, and the highest during the storm event (4,200 ug/L),
was also observed at this station (also counterintuitive). The other highest

concentrations were observed in Cement Creek above and below the confluence of
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A | B J]c] p | E | ¢ H I J K
165{Table D8. Ranking of Cemeat Creek dissolved zinc concentrations
T ] -
167
168}
16 9|NF Cement NPS CCO06 | 06/24/92 |Snowmelt 6900 128 0.99
170|NF Cement CC06 | 09/07/91 |Storm 4200 127 0.98 4200 43
171|Cement CCOS5 | 10/14/92 |Baseflow 3700 126 0.98
172|Cement NPS CCO03 | 10/14/92 |Baseflow 3700 | 125 0.97
173 |Cement CC18] 09/07/91 |Storm 3100 124 '0.96 3100 42
17 4 Prospect CC25} 10/14/92 |Bascflow 3000 123 0.95 '
175{Cement cci8/{ 07/21/93 2500 122 0.95
176|Cement CCO05 | 09/07/91 |Storm 2500 121 .0.94 2500 41
177 |Cement CC05| 07/21/93 2400 120 0.93
17 8|Prospect NPS CC23| 09/07/91 {Storm 2400 119 0.92 2400 40
179|Cement CCO03 | 09/07/91 |Storm 2300 118 0.91 2300 39
180 |Prospect CC24] 10/14/92 |Baseflow 2100 117 091
18 1{Porcupine Gl NPS CC38| 09/06/91 |Storm 2100 116 0.90 2100 38
182|Cement CC02| 09/07/91 |Storm 2100 115 0.89 2100 37
183 | Prospect CC24| 09/07/91 {Storm 1900 114 0.88 1900 36
184 |Prospect CC25 09/07/91 |Storm 1900 | 113 0.88 1900 35
185|Cement CC20] 09/07/91 |Storm 1800 112 0.87 1800 34
186|Cement CC21| 09/07/91 |Storm 1800 111 0.86 1800 33
187 |Cecment CCO0S | 06/24/92 |Snowmelt 1700 | 110 0.85
188|Cement CC20{ 07/21/93 1600 | 109 0.84
189|Cement CC27{ 09/07/91 |Storm 1600 | 108 '0.84 1600 32
190|Cement CC20 | 06/24/92 [Snowmelt 1600 { 107 0.83
191|Cement INPS CCO01| 09/07/91 |Storm 1600 106 0.82 1600 31
192|Cement CC18| 06/24/92 [Snowmelt 1600 | 105 0.81
193 [Cement CC28] 09/07/91 |Storm 1600 104 0.81 1600 30
194 |Prospect CC261| 09/07/91 |Storm 1500 103 0.80 1500 29
195|SF Cement CC17] 09/07/91 |Storm 1400 102 0.79 1400 28
196|NF Cement CCO07/| 09/07/91 [Storm 1400 101 0.78 1400 27
197]{Cement CC30]| 09/06/91 {Storm 1400 100 0.78
198{Cement CC301} 09/07/91 |Storm 1300 99 0.77 1300 26
199 |Porcupine Gl NPS CC38| 10/14/92 |Baseflow 1300 98 0.76
200|Cement CC31| 09/06/91 |Storm 1200 97 0.75 1200 25
201|Prospect CC26| 10/14/92 |Baseflow 1200 96 0.74
202|Cement CCO03 | 07/21/93 1100 95 0.74
203|Cement CCO03 | 06/24/92 {Snowmelt 1100 94 0.73
204|Cement CC281 07/21/93 1100 93 0.72
205|Cement CC39| 07/21/93 1100 92 0.71
206|Cement CC39| 10/14/92 |Baseflow 1100 91 0.71
207 |Cement CCO02 | 06/24/92 |Snowmelt 1100 90 0.70
208|Cement CC301} 07/21/93 1100 89 0.69
209|Cement CC28| 06/24/92 [Snowmelt 1000 88 0.68
210|Cement CC30| 06/24/92 |Snowmelt 1000 37 0.67
211|Cement Gaging Stn CC48 | 09/06/91 |Storm 1000 86 0.67
212|Cement -{CC34( 09/06/91 |Storm 1000 85 0.66 1000 24
213|Cement CC39] 09/06/91 |Storm 1000 84 0.65 1000 23
214|Cement CC21| 06/24/92 {Snowmelt 1000 83 0.64
215|Cement Gaging Stn CC48| 10/15/92 |Baseflow 1000 82 0.64
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165

166
167}
168}
169

6900

41

0.98

170

0.98

171

3700

17

0.94

172

3700

16

0.89

173

0.95

174

3000

15

0.83

175

176

0.93

177

178

0.91

179

0.89

180

2100

14

0.78

181

0.86

182

0.84

183

0.82

184

0.80

185

0.77

186

0.75

187

1700

0.95

188

189

0.73

190

1600

39

0.93

191

0.70

192

1600

38

0.90

193

0.68

194

0.66

195

0.64

196

0.61

197

198

0.59

199

1300

13

0.72

200

0.57

201

1200

12

0.67

202

203

1100

37

0.88

204

205

206

1100

I

0.61

207

1100

36

0.86

208

209

1000

35

0.83

210

1000

34

0.81

211

212

0.55

213

0.52

214

33

0.79

215
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Table D38

Cement Creek sub-segment or location

station or subbasin source category

site or moaitoring station identification

sample date

sample season .

ranking of dissolved zinc rations for NPSs in descending order

rank in descending order

rank divided by N+1=129

storm flow ranking of dissolved zinc conceatrations for NPSs in descending order
storm flow rank in descending order

storm flow rank divided by N+1 =44

snowmelt flow ranking of dissolved zinc concentrations for NPSs in descending order
suowmelt flow rank in descending arder

snowmelt flow rank divided by N+1 =42

baseflow ranking of dissolved zinc rations for NPSs in descending order
baseflow rank in descending order
baseflow rank divided by N+1=18
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the North Fork with the main stem (stations CC05, CC03, and CC18) and in th¢
upper area of Prospect Gulch (CC25 and CC23) primarily during baseflow and storm
flow.

Several point sources also exhibited very high concentrations. In particular, the
Mogul tunnel (38,000 ug/L) and the Lark Mine adit (12,000 ug/L) had very high
concentrations during the receding limb of snowmelt (7/21/93).

The 10w§st concentrations in stream segments (4 to 40 ug/L) were observed
primarily in areas believed to represent background cqnditions, including Cascade
Gulch, énd the headwaters of the south and middle forks of Cement Creek and
Minnehaha Creek. Most of the lowest concentrations were observed during the
storm and snowmelt runoff events. Discharge from the American Tunnel also
exhibited very low concentrations after treatment of the water by Sunnyside Mining
Corp.

During the final targeting process for the basin, the potential uncertainty or
measurement error associated with each value should be considered to determine the
confidence in the values and in comparisons among values. The estimated
uncertainty is assumed to be the same for each measured concentration value is +
approximately 10% (discussed in Chapter 5).

Cement Creek will probably not be targeted for restoration in the near future
given the current lack of fish in the stream and severity of the problem. The-
information on the risk of exceedances in the segment and highest concentrations in
various reaches would be more useful if Cement Creek was being compared to other
stream segments and/or targeted for restoration. If this were the case, segments with
the lowest risk of exceedanées and-reaches that exhibit lower concentrations might
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be targeted because they are more likely to be able to support aquatic life even
though the segments that have higher exceedance frequencies and/or reaches that
exhibit higher concentrations are rﬁore impaired.
D.7.2 Loadings
Ranking

Cumulative frequgncy distributions cannot be developed for total (not normalized
by area) me;m daily loadings from all first order subbasins because these loadings
may not be considered true random variables from the same population because each
loading is a function of a different area. Total mean daily loadings, however, can still
be ranked to derive information regarding the largest loadings to a stream segment
and where they are generated. The same procedure as for unit area loadings and
concentrations can be used.

This raﬁking procedure was used for mean daily loadings to Cement Creek for
a year and for each season, the highest results of which for a Subset of stations are
presented in colump R in.Table D9. Loadings during snowmelt, followed by storm
flows, are the largest. The greatest loading (45,039 g/day) is from the large subbasin
CC48-CC47 during snowmelt. This subbasin also contributed a largé loading during
the receding limb of snowmelt and even during baseflow. Such a large loading
during baseflow conditions, however, is questionable. The primary reason for the
large loadings from this subbasin is the significant flow from this large area. This
flow seems to be relatively large even during baseflow conditions. Unidentified seeps
emanating from groundwater or point sources (adits) within the subbasin could
explain these unexpected flows and loadings. Discharge from Ross Basin to station
CC01, and from the subbasin CC31-CC30, also exhibited high loadings (35,797 g/day)
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A | B ] b | E F G H I J
1 |Table D9. Ranking of Cement Creek dissolved zinc loadings
2 T T ]
3
4
5 NPS "1000.95 |CC48-CC47 06/24/92 |Snowmelt | 23.300 45039.1
6 |Cement NPS 734.64 |CCO1 06/24/92 |Snowmelt | 15.400 950 | 35797.4
7 NPS 857.69 {CC31-CC30 06/24/92 |Snowmelt | 14.420 29243.8
8 NPS 19.28 [CC20-CC19-CC18 06/24/92 |Snowmelt| 3.800 27430.6
9 NPS 33.06 |CC28-CcC27 09/07/91 |Storm 6.400 25055.7
10 NPS 48.67 [CC36-CC34-CC35 06/24/92 |Snowmelt| 8.990 21164.5
11 NPS 177.23 |CC17-CC16-CC13-CC12| 05/07/91 |Storm 0.400 17557.1
‘12 NPS | 173.56 |CC39-CC36-CC38-CC37} 09/06/91 |Storm 5.326 13955.8
13 NPS 1000.95 {CC48-CC47 07/21/93 10.260 134239
14 NPS 1003.70 |CC27-CC21-CC26 06/24/92 |Snowmelt| 5.170 13274.2
15 NPS 333.34 |CC46-CC43-CCA45-CC44| 06/24/92 |Snowmelt| 2.410 11288.6
16 NPS 1000.95 {CC48-CC47 10/14/92 |Baseflow | 5.380 11251.1
17 NPS 1003.70 [CC27-CC21-CC26 09/07/91 |Storm 3.860 10780.8
18 NPS 19.28 |CC20-CC19-CC18 09/07/91 |Storm 0.840 10391.7
19 NPS 151.52 {CC25-CC24 09/07/91 |Storm 2.010 9344.5
20 NPS $33.53 |CC03-CC02 09/07/91 |Storm 1.050 7034.7
21 |Cement NPS 734.64 [CCO1 09/07/91 [Storm 1.790 1600 | 7007.8
22 |Cement NPS 1259.91 |CC02-CCOla-f 07/21/93 2.409 6725.8
23 NPS 151.52 |CC25-CC24 06/24/92 |Snowmelt| 1.070 5822.3
24 |Cement NPS 1793.44 |CCO3 10/14/92 [Baseflow | 0.637 3700 | 5767.0
25 NPS 101.93 |CC43-CC41-CC42 09/06/91 |Storm 0.650 5624.3
26 NPS §33.53 [Cco03-CcCc02 07/21/93 1.100 5369.9
27 NPS 79.89 |CC18-CCO5 07/21/93 0.570 5170.2
28 NPS §25.27 |CC02-CCO1 09/07/91 |Storm 0.510 4810.5
29 |SF Cement adit PS CcCl4 06/24/92 |Snowmelt | 1.290 1400 | 4419.0
30 |SF Cement adit PS CCl4 07/21/93 1.500 1200 | 4404.3
31 NPS 79.89 |CC18-CCOS 06/24/92 |Snowmelt| 2,200 41352
32 NPS 33.06 |CC28-CC27 06/24/92 |Snowmelt| 1.650 4037.3
33 |Ohio NPS 303.96 {CC40 09/06/91 |Storm 1.400 10001 34256
34 NPS 304.88 |CC26-CC25 06/24/92 |Snowmelt | 1.030 3390.1
35 NPS 338.85 |CCl6-CCI15-CCl14 06/24/92 |Snowmelt| 4.860 3385.8
36 NPS 333.34 [CC46-CC43-CC45-CC44 09/06/91 |Storm 0.590 3289.5
37 NPS 177.23 |CC17-CC16-CC13-CC12| 06/24/92 |Snowmelt | -2.790 2953.3
38 |Prospect NPS 174.48 |CC23 09/07/91 {Storm 0.500 2400 | 2936.2
39 |Mogul tnl mine dmg |PS CCO1b 07/21/93 0.031 38000 | 2882.4
40 |Prospect NPS 174.48 {CC23 06/24/92 |Snowmelt| 2.530 460 | 2847.6
41 NPS 120.30 {CC24-CC23-CC22 09/07/91 |Storm -0.210 2791.9
42 NPS 48.67 |CC36-CC34-CC35 09/06/91 |Storm 1.040 2550.6
43 |SF Cement adit PS CCl14 10/14/92 |Baseflow | 1.000 740 | 1810.7
44 NPS 79.89 |CC18-CC05 09/07/91 |Storm -0.280 1810.7
45 NPS 76.22 {CC06-CCO7 09/07/91 |Storm 0.116 1623.7
46 |adit PS CCo1f 07/21/93 1.440 440 | 15503
47 NPS 338.85 |CC16-CC15-CC14 09/07/91 |Storm '1.360 1203.8
48 |SF Cement adit PS CCl4 09/07/91 |Storm 0.620 750 | 1137.8
49 |Cement Amer Tnl [PS CC19 10/14/92 |Baseflow | 3.190 140 | 1092.8
50 [MF Cement adit Ps CCl10 06/24/92 |Snowmelt | 0.340 1300 | 1081.5
51 NPS 312.22 |CC13-CC11CC10 09/07/91 |Storm 1.596 796.5
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1
2
3
4
5 . . . . . .
6 48.73 | 64435 35797.4 35797.4 35797.4 35797.4
7 34.10 | 28115.0 29243.8 29243.8 292438 29243.8
8 | 1422.43 | 242846 27430.6 27430.6 27430.6 27430.6
9 757.91 | 19054.4 25055.7 | 25055.7 ' 25055.7 | 25055.7
10| 434.86 | 17028.0 21164.5 21164.5 21164.5 21164.5
11 99.06 | 3919.2 17557.1 | 175571 17557.1 17557.1
12 80.41 [ 10299.9 13955.8 [ 13955.8 13955.8 | 13955.8
13 13.41 | 19525.1 13423.9 18684.6
14 13.23 | 25495.9 13274.2 13274.2 13274.2 13274.2
15 33.86 | 34645.6 11288.6 11288.6 11288.6 11288.6
16 11.24 | 7380.4 11251.1 11251.1 |- 11251.1
17 10.74 | 13565.9 10780.8 | 10780.8 10780.8 | 10780.8
18| 538.87| 6106.7 10391.7 | - 10391.7 10391.7 [ 10391.7
19 61.67 | 2965.0 9344.5 9344.5 9344.5 9344.5
20 13.19 { 4005.2 7034.7 7034.7 7034.7 7034.7
21 9.54| 1261.4 7007.8 7007.8 7007.8 7007.8
22 534 22979 6725.8 6725.8
23 38.43 1596.2 5822.3 5822.3 5822.3 5822.3
24 3.22| 1038.1 5767.0 5767.0 5767.0
25 55.18 | 11720.6 5624.3 5624.3 5624.3 5624.3
26 10.06 | 3878.7 5369.9 5369.9
27 64.71 | 10962.6 5170.2 5170.2
28 9.16°| 2473.2 4810.5 4810.5 4810.5 4810.5
29 795.4 4419.0 ' 4419.0
30 792.8 4404.3
31 51.76 | 19910.6 © 41352 4135.2 4135.2 4135.2
32 122.12 | 28921.1 4037.3 4037.3. 4037.3 4037.3
33 11.27 616.6 3425.6 3425.6 3425.6 3425.6
34 11.12 | 26220 3390.1 3390.1 3390.1 3390.1
35 9.99 [ 1713.6 3385.8 . 3385.8 3385.8 3385.8
36 9.87 | 12920.7 3289.5 3289.5 3289.5 3289.5
37 16.66 | 3144.7 2953.4 2953.4 2953.4 2953.4
38 16.83 528.5 2936.2 2936.2 2936.2 2936.2
39 518.8 | 2882.4
40 16.32 512.6 2847.6 _ 2847.6 2847.6 2847.6
41 23.21 1202.9 2791.9 2791.9 2791.9 2791.9
42 52.41 | 78703 2550.6 2550.6 2550.6 2550.6
43 325.9 1810.7 1810.7
44 22.66 | 4409.7 1810.7 1810.7 1810.7 1810.7
45 21.30 333.4 1623.7 1623.7 1623.7 1623.7
46 279.1 1550.3
47 3.55 535.7 1203.9 | 1203.9 1203.9 1203.9
48 204.8 1137.8 1137.8
49 196.7 1092.8 1092.8
50 194.7 1081.5 1081.5
51 2.55 149.1 796.5 796.5 796.5 796.5
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1
2
3
4
5 45.00
6 48.73
7 34.10
8 1422.43
9 757.91
10 434.86
11 99.06
12 80.41
13
14 13.23
15 33.86
16 | 11251.1 11.24
17 10.74
18 538.87
19 61.67
20 13.19
21 9.54
22
23 38.43
24| 57670 3.22
25 55.18
26
27
28 9.16
29 4419.0 4419.0
30 4404.3
31 51.76
32 122.12
33 11.27
34 11.12
35 9.99
36 9.87 [.
37 16.66
38 16.83
39 2882.4
40 16.32
41 23.21
42 52.41
43 1810.7 1810.7
44 22.66
45 21.30
a6 1550.3
47 3.55
48 11378 | 11378
49 1092.8 1092.8
S0 1081.5 1081.5
51 2.55
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Table D9
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Cement Creek sub-segment or location
station or subbasin source category
subbasin area (acres)

site or monitoring station identification

sample date

sample season

flow measured or computed (cfs)
dissolved zinc ration (ug/L)

ranking of dissolved zinc mean daily loadings (g/day) in descending order

dissolved zinc mean daily unit area loading (g/ac-day)

potential error of loading estimate (g/day)

if error is greater than loading estimate, an asterisk is used

ranking of dissolved zinc mean daily loadings from first order subbasins in descending order

normnovnnhngo(dnsolveduncmeandmyloadmpbumﬁmardeuubbanmmdmendmgordcr
It flow ranking of discolved zinc mean daily loadings from first order subbasins in descending order

of di d zinc mean daily loadings from first order subbasing in descending order
ranking of dissoived zinc mean daily loadings from NPSs in descending order .
storm flow ranking of dissoived zinc mean daily Joadings trom NPSs in descending order

It flow ranking of d zinc mean daily loadings from NPSs in descending order
basefl king of di d zinc mean daily foadings from NPSs in descending order

storm flow dissolved zinc mean daily unit ares loading (g/ac-day)
snowmelt flow dissolved zinc mean daily unit area loading
baseflow dissolved zinc mean daily unit area loading
ranking of dissolved zinc mean daily loadings from point sources in descending order
storm fiow ranking of dissolved .zinc mean daily loadings from point sources in ddecudmg ordcr
1t flow ranking of dissolved zinc mean daily loadings from point ind g order
baseflow ranking of dissolved zinc mean daily loadings hom point sources in descending onder
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during snowmelt. These basins also have relatively large areas. The much smaller
subbaéins CC20-CC19-CC18, CC28-CC27, and CC36-CC34—CC35, also contributed
relatively large loadings during snowmelt and storm flows for such small areas.
Again, it should be mentioned that some of the loadings estimated as the differences
between loadings measured at two or more adjacent stations have rélatively large
potential errors associated with them and should be used with caution. The point
source exhibiting the greatest loadings is an adit discharging to the South Fork of
Cement Creek (Silver Ledge Mine) during snowmelt and baseflow. |

The subbasins exhibiting the greatest loadings should probably be targeted for
remediation considering other factors such as distance to the impaired water body
and land ownership issues. Loadings during high flows should be targeted for
control. During the final taréeting process for the basin, the potential uncertainty or
measurement error associated with each value should be considered to determine the
confidence in the values and in comparisons among values. This value is + at least
approximately 18% and can vary depending on whether it was estimated at a
monitoring station or estimated using the NPS reach gain/loss analysis and how many

upstream stations were used to compute the loading between adjacent stations

(discussed in Chapter 5).

D.7.3 Unit Area Loadings

Risk of Exceedance

The nonparametric approach was also used to estimate the cdfs for dissolved zinc
mean daily unit area loadings to Cement Creek from all first order subbasins for
each season and a year. Data were lumped over space to estimate the cdfs for each
season, and over time and space to estimate the cdfs for the year. Figure D17a
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presents a cumulative distribution plot of all observed mean daily unit area loadings

to Cement Creek from first order subbasins based on ranking all of the observed

- data from the year. Figures D17b through D17d present the seasonal mean daily

unit area loading cumulative distribution plots based on ranking the seasonal data.
All of the figures show that most of the values are zero or fairly close to zero g/ac-
day. The zero values were derived by estimation of loadings from first order
subbasins between adjacent monitoring stations. When negative loading estimates
resulted due to channel losses, the loading from the subbasin itself was assumed
equal to zero.

- As can be seen from the cumulative distribution for all events and for snowmelt,
the largest unit area loading occurred during snowmelt (approximately 1,400 g/ac-
day) and has a very small probability of occurring. As can be seen from the
cumulative distribution for all events and for the storm event, the next two greatest
mean daily unit area loadings occurred during a storm (750 and 550 g/ac-day). The
fourth highest unit area loading occurred during snowmelt (400 g/ac-day). All of.
these high loadings have a small risk of being exceeded. All the other mean daily
unit area loadings were below 125 g/ac-day. As expected, the baseflow mean daily
unit area loadings were very low, ranging from 0 to 12 g/ac-day.

Water quality standards are not directly computed or applicable for loadings. If
reduired for particular sites, however, target loadings or TMDLs can be computed
and the risk of exceeding these values can then be estimated from the cumulative
frequency distribution.

This risk information would be more useful if Cement Creek was being'compared
to other. subbasins and/or targeted for restoration. The basins with the highest risks
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of exceeding target unit area loadings should probably be targeted for rlemediation.
Unit area loadings during high flows (snowmelt and storms) would be targeted for
control. Important information regarding the uncertainty for the risk of exceeding
a target unit area loading includes both the CI on the percentile and the CI on the
proportion. In some cases we are interested in the uncertainty of the estimated
target loading given an acceptable or known risk level. In other cases we could be
more interested in the uncertainty of the estima_ted risk given a known unit area
loading. The uncertainty of the values should then be used in the final targeting
process.
Ranking

Column K of Table D10 shows the ranking of all of the mean daily unit area
loading data from first order subbasins in the Cement Creek basin for the year
monitored as well as the location of each datum. As can be seen from the table, the
small subbasin CC20-CC19-CC18 in the vicinity of the American Tunnel exhibits the
greatest mean daily unit area loading (1,422 g/ac-day) during snowmelt. A closer
look at this loading, however, revea1§ that_ a point source diséharge from treated
effluent from the American Tunnel (CC19) is probably the cause of a significant
amount of this loading. Although the dissolved loading from this point is very small,
the pH oflthe discharge is very high so that most of the zinc is in insoluble form.
When this total zinc loading enters Cement Cre-ek, it redissolves in the low pH water
causing a significant increase in the dissolved zinc loading between stations CC18 and
CC20. This loading is almost twice the next greatest mean daily unit area loading
(757 g/ac-day) from the small subbasin CC28-CC27 below Prospect Gulch during the
storm event. A natural iron bog is located immediately adjacent to the stream that
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128|Table D10. Ranking of Ccment Creek dissolved zinc unit area loadings
129
132 NPS 19.28 |CC20-CC19-CC18 06/24/92 [Snowmelt [ 3.800 27430.6
133 NPS 33.06 {CC28-CC27 09/07/91 |Storm 6.400 25055.7
134 NPS 19.28 |CC20-CC19-CC18 09/07/91 |Storm 0.840 10391.7
135 NPS 48.67 |CC36-CC34-CC35 06/24/92 [Snowmelt | 8.990 21164.5
136 NPS 33.06 |CcC28-CC27 06/24/92 |Snowmelt{ 1.650 4037.3
137 NPS 177.23 |CC17-CC16-CC13-CC12| 09/07/91 |Storm 0.400 17557.1
138 NPS 173.56 |CC39-CC36-CC38-CC37]| 09/06/91 |Storm 5.326 13955.8
139 NPS 79.89 |CC18-CCOS 07/21/93 0.570 " 51702
140 NPS 151.52 |CC25-CC24 09/07/91 |Storm 2.010 9344.5
141 NPS 101.93 |CC43-CC41-CC42 09/06/91 |Storm 0.650 56243
142 NPS 48.67 |CC36-CC34-CC35 09/06/91 |Storm 1.040 2550.6
143 NPS 79.89 {CC18-CC05 06/24/92 |Snowmelt | 2.200 4135.2
144 |Cement NPS 734.64 |CCO1 06/24/92 |Snowmelt | 15.400 950 | 35797.4
145 NPS 1000.95 |CC48-CC47 06/24/92 |Snowmelt | 23.300 45039.1
146 NPS 151.52 |CC25-CC24 06/24/92 |Snowmelt | 1.070 58223
147 NPS 857.69 |CC31-CC30 06/24/92 | Snowmelt | 14.420 29243.8
148 NPS 333.34 |CC46-CC43-CC45-CC44| 06/24/92 [Snowmelt | 2.410 11288.6
149 NPS 120.30 |CC24-CC23-CC22 09/07/91 |Storm 0.210 2791.9
150 NPS 79.89 |CC18-CCO5 09/07/91 |Storm -0.280 1810.7
151 NPS 76.22 |CC06-CCO7 09/07/91 |Storm 0.116 1623.7
152|Prospect NPS 174.48 |CC23 09/07/91 [Storm 0.500 2400 | 2936.2
153 NPS 177.23 |CC17-CC16-CC13-CC12] 06/24/92 |Snowmelt | -2.790 2953.3
154 |Prospect NPS 174.48 {CC23 06/24/92 |Snowmelt | 2.530 460 | 2847.6
155 NPS 1000.95 |CC48-CC47 07/21/93 10.260 134239
156 NPS 1003.70 |CC27-CC21-CC26 06/24/92 |Snowmelt| 5.170 132742
157 NPS 533.53 |CC03-CC02 09/07/91 |Storm 1.050 7034.7
158|0hio NPS 303.96 |CC40 09/06/91 |Storm 1.400 1000 | 3425.6
159 NPS 1000.95 |CC48-CC47 10/14/92 |Baseflow | 5.380 11251.1
160 NPS 304.88 |CC26-CC25 06/24/92 |Snowmelt | 1.030 3390.1
161 NPS 1003.70 |CC27-CC21-CC26 09/07/91 |Storm 3.860 10780.8
162 NPs 533.53 |CC03-CC0O2 07/21/93 1.100 5369.9
163 NPS 338.85 |CC16-CC15-CCl14 06/24/92 [Snowmelt | 4.860 3385.8
164 NPS 333.34 |CC46-CC43-CC45-CC44| 09/06/91 |Storm 0.590 3289.5
165|Cement NPs 734.64 |CCO1 09/07/91 Storm 1.790 1600 { 7007.8
166 NPS 525.27 {CC02-CCO! 09/07/91 |Storm 0.510 4810.5
167 NPS 57.85 |CC12-CC09 06/24/92 [Snowmelt | 0.600 497.3
168 NPS 57.85 |ccl2-cco9 09/07/91 |Storm 0.396 460.8
169|Cement NPS 1259.91 [CC02-CCOla-f 07/21/93 2.409 6725.8
170|Prospect BG 61.53 |CC22 09/07/91 |Storm 1.000 110 269.2
171 NPS 338.85 |CC16-CC15-CC14 09/07/91 Storm 1.360 1203.8
17 2|Cement NPS 1793.44 |CCO3 10/14/92 |Baseflow | 0.637 3700 | 5767.0
17 3|Porcupine Gl NPS 197.43 |CC38 09/06/91 {Storm 0.104 2100 534.4
174 NPS 312.22 {CcC13-CC11-CC10 09/07/91 |Storm 1.596 796.5 |-
175 NPS 219.47 |CC09-CCO08 06/24/92 {Snowmelt | 1.050 440.8
17 6 |Prospect NPS 174.48 |CC23 07/21/93 0.320 410 321.0
17 7|NF Cement NPS 148.76 |CCO4 09/07/91 {Storm 0.153 670 250.8
178 NPS 304.88 |CC26-CC25 10/14/92 [Baseflow | 0.217 452.2
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128
129 .
130}
131
132 1422.43 93 0.99 | 24284.6 27430.6 1422.43 30
133 757.91 92 0.98 | 19054.4 25055.7 757.91 43 0.98
134 538.87 91 0.97 6106.7 10391.7 | 538.87 42 0.95
135| 434.86 90 0.96 | 17028.0 21164.5 434.86 29
136 122.12 89 0.95 | 28921.1 4037.3 122.12 28
137]  99.06 88 0.94 | 3919.2 17557.1 | 99.06 | 41 0.93
138 80.41 87 0.93 | 102999 13955.8 80.41 40 0.91
139 64.71 86 0.91 | 10962.6 5170.2
140| 61.67 85 0.90 | 2965.0 93445 | 61.67| 39 0.89
141| ss5.18 84 0.89 | 117206 56243 | S5.18| 38 0.86
142] 5241 83 0.88 | 78703 2550.6 | s2.41 37 0.84
143] 51.76 82 0.87 | 19910.6 41352 51.76 27
144] 473 81 0.86 | 6443.5 35797.4 48.73 26
145| 45.00 80 0.85.| 365453 45039.1 45.00| . 25
146 38.43 79 0.84 1596.2 5822.3 38.43 24
147 34.10 78 0.83 | 28115.0 29243 .8 34.10 23
148] 33.86 77 0.82 | 34645.6 11288.6 33.86 22
149 23.21 76 0.81 1202.9 27919 23.21 36 0.82
150 22.66 75 0.80 4409.7 1810.7 | 22.66 35 0.80
151] 2130 74 079 3334 1623.7] 2130] 34 0.77
152 16.83 73 0.78 528.5 2936.2 16.83 33 0.75
153]  16.66 ) 0.77| 31447 2953.4 16.66 21
154| " 16.32 71 0.76 512.6 2847.6 16.32 20
155 13.41 70 0.74 | 19525.1 18684.6
156| 1323 69 0.73 | 25495.9 132742 13.23 19
157 1319 68 0.72 | 4005.2 70347 13.19 32 0.73
158 11.27 67 0.71 616.6 3425.6 11.27 31 0.70
159] 11.24 66 0.70 | 7380.4 11251.1
160 11.12 65 0.69 2622.0 3390.1 ] 11.12 18
161 10.74 64 0.68 | 13565.9 10780.8 10.74 30 0.68
162 10.06 63 0.67| 38787 5$369.9
163 9.99 62 0.66 | 1713.6 3385.8 9.99 17
164 9.87 61 0.65 | 12920.7 3289.5 987 29 0.66
165 9.54 60 0.64 | 12614 70078 | 9.54| 28 0.64
166 9.16 59 063 | 24732 4810.5 9.16 27 0.61
167 8.60 58 0.62 195.7 497.3 8.60 16
168 7.96 57 0.61 85.1 460.8 7.96 26 0.59
169 5.34 56 0.60 | 22979 6725.8
170 4.37 55 0.59 48.4 269.2 4.37 25 0.57
171 3.55 54 0.57 535.7 1203.9 3.55 24 0.55
172 3.22 53 0.56 1038.1 5767.0
173 2.71 52 0.55 96.2 534.4 2.71 23 0.52
174 2.55 51 0.54 149.1 796.5 2.55 22 0.50
175 2.01 50 0.53 86.5 440.8 2.01 15
176 1.84 49 0.52 57.8 321.0
177 1.69 48 0.51 45.1 250.8 1.69 21 0.48
178 1.48 47 0.50 147.7 452.2 ’
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accounts for a significant portion of this loading.

The third highest unit area loading (540 g/ac-day) also is observed from subbasin
CC20-CC19-CC18 during the storm. The fourth greatest unit area loading (434 g/ac-
day) is from subbasin CC36-CC34-CC35 during snowmelt. It should be noted,
however, that each of these loadings was estimated as the difference between
loadings at two or more adjacent stations and that the estimated errors in the
loadings are not that much smaller than the computed loadings themselves. The
greatest unit area loading.(48.73 g/ac-day) actually measured at a station is at CCOi
durihg snowmelt. As expected, the smallest unit area l.oadings tend to be observed
from background areas and during baseflow conditions.

All of the subbasins with the greatest unit area loadings should probably be
targeted for remediation considering other factors such as distance to the impaired
water body and land‘ownership issues. Again, unit area loadings during high flows
should be targeted for control. The CI widths and CCIs should be considered
explicitly in the process. For small CCIs, greater confidence can be placed in
decisions regarding targeting. For large CClIs, decisions must be made with less
certainty about average conditions in the watershed and comparisons between basins.
D.8 Summary of Targeting in the Cement Creek Basin

In this chapter, the data analysis methods discussed in Chapter 6 were used to
achieve the seven quantitative information goals defined in Chapter 4 for the Cement
Creek Basin for dissolved zinc, the primary constituent of concern and indicator
parameter for the basin. Specific source areas and locations within the stream
segment were targeted on a preliminary basis using the information derived and
considering the potential uncertainty of the estimates explicitly in the process.l The
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target tables (tables D8, D9, and D10) and maps (figures B2 and B3) were used as
much as possible to aid in targeting for the basin. It should be emphasized that this
work used only the quantitative site information in the preliminary targeting process.
Additional socioeéonorm'c information, such as land ownership, costs/benefits, and
public support and funding, should also be used for the final targeting of source areas

and stream segments to the extent possible.
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APPENDIX E. METHODS TO FILL DATA GAPS

This appendix presents methods that might be useful for filling the data gaps
discussed in Chapter 7 that are typical of data derived from synoptic surveys of IAM
watersheds. For some sites, some of these data gaps should be filled to derive
specific types of required information. The general types of data gaps thé.t might
require filling and are discussed in this section include:
1. water quality data
2. sediment data
3 aquatic ecologic data
E.1 Methods to Fill Water Quality and Sediment Data Gaps

Data: gaﬁs can be filled when required and when resources are available by either
collecting additional data or by psing some type of simplified modeling techniques.
Defining specific methods for determining data gaps and determining in which cases
specific data are required is beyond the scope of this study ﬁnd is somewhat site-
specific. These methods should be evaluated, however, during future research. Many
of the initial data gaps are common and fairly obvious from the existing limited data
sets and can be identified oﬁ a preliminafy basis by using the simple screening
procedure discussed in Chapter 5 to determine the worst or indicator parameters for

the site. Methods that can be used for filling the common types of data gaps at

IAMs are discussed below.
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E.1.1 Additional Data Collection

If resources are available, additional data beyond those typically collected at the
majority of IAMs can be collected. These data can include thé specific analytes
(species of metals) of concern or indicator parameters that influence the effects of
the metals or that could provide some additional useful information. The additional
data could also include both the dissolved and total fractions of the metals if this
information is important at a particular site. The analytical methods should be
appropriate for the site so that the MDL is below the applicable standards or

concentrations that might cause adverse impacts. The additional data can be

collected at specific locations of interest where data have not been previously

collected, but are critical to the decision-making process, or where the data set needs
to bé larger, collected over a longer time period, or during specific typeé of flow
events. For data collc:cfion during extreme (high) flow events, automatic flow
measurement and sampling equipment should be considered at a key location to
minimize potenti_al logistical problems and hazards to field crews due to dangerous
field conditions.

With regard specifically to sediment, suspended sediment can be sampled at key
locations during high flow events using manual or automatic methods. Suspended
sediment concentrations, and adsorbed chemical concentrations of the sediment, can
be analyzed for. Alternatively, total suspended solids (TSS), which is closely related
to suspended sediment but also inclﬁdes organic material, can be sampled and
concentrations measured. Measurement of turbidity is a field test and is also an ..
indicator of suspended solids and sediment. " Turbidity and TSS, however, do not
provide a measure of adsorbed metals concentrations. Because the parameters
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discussed above are primarily important during high flows when sampling personnel
might not be available or logistical problems may be encountered, sampling and
analysis of bed sediment (material) during low flows is very useful and often
performed. The concentrations of adsorbed metals, grain size distribution, and
organic content are all important analyses for bed material. Analyses of bed material
are generally considered good indicators of long-term impacts and are related
strongly to ecological conditions in the stream, especially benthic macroinvertebrate:
community health. Toxicity testing of bed material is very useful for evaluating
impacts to benthos and fish. Cobble imbeddedness can also be measﬁred as an
indicator of sediment deposition and transport and of impacts to aquatic habitat.
E.12 Modeling

An option to additional data collection is some type of simplified modeling to fill
in data gaps. Simplified modéling is generally preferred over more sophisticated

modeling techniques in the case of most IAMs for the following reasons:

1 the lack of adequate data precludes the use of more complex models

2. the lack of adequate resources (i.e., time and money) precludes the use of
more complex models

3. complex models are not necessary to derive the information required for the
screening-level assessment phase

Modeling is sometimes the best option for the following cases:

1. specific points of interest where data are lacking

2. extreme events that are not practical or possible to sample

3. large data sets must be generated for risk assessment techniques

4. prediction of future conditions, especially for potential remediation schemes

In cases such as these, simplified empirical and/or statistical modeling can be used

in conjunction with monitoring data to derive estimates of loading or concentration
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values. However, modeling results are only as good as the data input to the model,
and in the case of most IAMs, good data are lacking. Calibration of model results,

therefore, can be very difficult or impossible, and usefulness of the modeling results

- may be questionable. This is why it is not practical to apply complex and data

intensive continuous, deterministic simulation models for the screening-level
assessment. The other reason is the high cost of simulation modeling relative to
simplified modeling methods. Ultimately, the usefulness, practicality, and

costs/benefits of modeling must be balanced against those of additional data

collection for each site. The methods to accomplish this are beyond the scope of this

study, but could be evaluated as part of future research.

Two simple, generalized methods might be useful for estimating sediment
loadings and total and/or dissolved metals lbadings and concentrations at a.point.
The first is an empirical method based on the Universal Soil Loss Equation (USLE).
The second method is a statistical technique using correlation and regression of
parameters such as flow, érosion, concentration, loading, and/or watershed
characteristics. These methods are discussed below.

E.1.2.1 USLE

The USLE has been recommended for use in estimating soil loss and _sediment
yields from surface mining sites by USDA SCS (1977). The original equation, which
is used to estimate soil loss on an annual basis, is as follows (Wischmeier and Smith,

1965):
A=REKLSCP (E.1)

where:
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soil loss (tons/acre-year)

rainfall factor

soil erodibility factor (tons/acre-year)
slope length factor

slope gradient factor

cover or cropping management factor
erosion control practice factor

TaLNxTA
1L (O | R TR TR T

The Revised USLE (RUSLE) (USDA, 1990) is intended for use in subbasins of
the western U.S. where slopes may be greater than 20%. The RUSLE uses a
different slope length factor (LS or L and S factors combined into one factor)-

computed as:
LS = (length/72.6)™/S (E.2)

where:

léngth = distance from point of origin of overland flow to point where
deposition occurs (feet)

m = B/(1+8) |
B = (sin a/0.0896)/(3 x (sin @)*® + 0.56)
a = slope angle
S = slope factor = ((16.8 x sin a) - 0.5) for slopes over 9%
For storm event loadings, the Modified Universal Soil Loss Equation (MUSLE)
(Williams, 1975) can be used in conjunction with the USDA SCS curve number

equation (CNE) (USDA, 1985) as follows:
A =a(Vg,)KLScCP _ (E.3)

where:
A, = sediment yield (tons/acre/event)
a = conversion constant (95 English, 11.8 metric)
V. = volume of runoff (acre-feet, m®)
g, = peak flow rate (cfs, m’/sec)

V, is computed as follows:
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V,=aAao, (E.4)

- where:

a = conversion constant (0.083 English, 100 metric)
A = contaminated area (acres, ha)
Q, = depth of runoff (in, cm)
Depth of runoff can be determined using a variety of methods, but the most

common is the USDA SCS CNE (USDA, 1985):
Q, = (P-0.25)2/(P+0.8S) (E.5)

where:

P = total precipitation (in, cm)
S = water retention factor (in, cm)

S is obtained using the dimensionless runoff curve number (CN) as follows:
S = 1000/ (CN-10a) (E.6)
where:
a = conversion constant (1.0 English, 2.54 metric)

Other parameters are defined as previously. An explanation and values for the CN
may be found in USDA (1985). For each equation discussed above, the parameter
a (conversion constant) is a different value as required.

The peak runoff rate can also be estimated using several methods, but one of the

most common 1is as follows:

q, = (aArp,) /(T (P-0.25)) * (E.7)

where:

a = conversion constanf (1.01 English, 0.028 metric)
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"= storm duration (hr)
Other parameters are defined as previqusly.

The MUSLE can be used to estimate soil loss (erosion) from a subbasin and NPS
waste area. Typically, all of this soil from a subbasin or .a diffuse waste source area
(especially if the source area is not in direct contact with the water body) does not
reach a water body. The total sediment yield or loading to the water body, therefore,
is less than the erosion from the source area. This loss is typically accounted for by
using a sediment delivery ratio that is expressed as an exponential function of the
distance between the source area and the water body (Reckhow et al., 1985).
However, because gully erosion is not accounted for in the USLE, and this erosion
and contaminant transport mechanism may be significant in taﬂiﬁgs and waste rock
piles, the USLE may already underestimate loadings to surface waters at many IAM:s.
This underestimation of loading may counteract the overestimation of loadings that
may occur if a sediment delivery ratio is not used. Therefore, it may be prudent and
more cost effective in the case of IAMs to not use a sediment delivery ratio to
counteract the fact that the USLE does not consider gully erosion.

Almost all of the data required for the equations presented above can be derived
fairly easily from the literature and generalized values, site topographic maps, and
field measurements.

In order to estimate dissolved and total metals loadings and concentrations
associated with the soil losses estimated with the USLE, the methods developed by
Haith (1980) can be used. The adsorbed and dissolved zinc quantities (S, and D,

respectively in kg, 1b) for storm events are estimated as (Haith, 1980):
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s = [1/(1+W./ (K,B)) ]1CA (E.8)

2!
i

and

; = [1/(1+(KB) /W) ]CA (E.9)

)
I

where:

W, = available water capacity of top cm of soil (difference between wilting
point and field capacity) (dimensionless)

K, = sorption partition coefficient (cm’/g)

B = soil bulk density (g/cm’)

C,; = total substance concentration (kg/ha-cm, lb/acre-cm)

A = contaminated area (ha-cm, acre-cm)

This model assumes that only the contaminant in the top 1 cm of soil is available for

release via runoff.

The total loading to the receiving water body can then be estimated as (Haith,

1980):
PX, = [A/100B]S, : (E.10)
plus
PO, = [Q,/PID, (E.11)
where:

Q, = total storm runoff depth (in, cm)
P = total precipitation (in, cm)

Storm events with return periods ranging from 1 to 100 years could be evaluated
using this method. This methodology can be applied to specific first order subbasins

of interest, the results of which could be qualitatively compared to observed

monitoring data.
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The methods discussed above are for modeling storm event contaminant loadings
and concentrations. To estimate annual average values, the storm event values must
be summed for a given year over a number of years. Therefore, the MUSLE can be
used as discussed above to estimate annual values. In order to accomplish this, an
average storm duration must be characterized based on histoeric precipitation records.
Th¢ amount of rainfall for this duration for a 1-year return period can be
determined. This rainfall amount is divided into the mean annual rainfall for the
area to obtain the average number of average rainfall events per year.‘ The annual

loading of substance can then be estimated as:

L, = PXN (E.12)

and

L, = PQN _ (E.13)

where:

L, = average annual dissolved loading in runoff (mass/year)

L, = average annual adsorbed loading in runoff (mass/year)

PX, = adsorbed substance loss per event (kg, 1b)

PQ, = dissolved substance loss per event (kg, Ib)

N = number of average storm events in one year

The grain size distribution, bulk density, and total organic content (TOC) of the

soil and waste material that is eroded must be estimated from sampling data. The
grain size distribution is used to estimate K, the erodibility factor. The concentration

of zinc in the top one centimeter of soil and/or waste material that is eroded must

also be estimated from sampling data. It is best if the physical and chemical analyses

are performed on an aerially composited sample.
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Some type of zinc adsorption partition coefficient is also required to estimate
dissolved versus adsorbed concentrations of the metal in runoff. It fnight be possible
to estimate this parameter from the literature, from limited monitoring data
(dissolved versus total fractions), or from laboratory leaching tests of the material.
However, metal adsorption is a function of many variables such as species, pH,
concentration, and sediment concentration. These adsorption data, therefore, seem
to be critical data gaps for modeling purposes at most sites.

E.122 Regression

Another potential method that could be used to estimate loadings or
concentrations to fill m data gaps is regression based on correlation of variables
within the watershed. Regression equations could be developed using concentration
and/or loading as the dependent variable and flow, NPS area, and/or contaminant
concentration (or erosion rate in the case of sediment) as the independent variable.
Like in the empirical sediment equation, distance from the source area to the point
of interest might also require consideration. In fact, the input variables for a
regression equation could be very similar to those for the USLE. Significant
correlation between independent Watershed variables and the dependent variables
of interest must exist in order to make the regression method useful. The first step
in the process, therefore, is an analysis of the correlation between variables of
interest.

The dependent variables of interest typically include the total and/or djssolved
concentrations and/or loadings of specific metals on and annual, seasonal, or storm
event basis. The independent variables might include the following:

o subbasin area
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NPS area or volume

contaminant concentration or mass in NPS area
flowrate or volume

antecedent conditions

distance to watercourse

The correlations and equations developed could vary by season or flow regime.
Linear regression is the simplest type of regression and can be used if the correlation
between variables is approximately linear. These equations could be developed first

to determine if a linear relation exists. The linear equation is of the form:

y = a + bx (E.14)

where: .

dependent variable
independent variable
= constant (y intercept)
= constant (slope)

RN X<
il

Nonlinear and multiple regression equations can also be used. Nonlinear regression
uses a different form of equation, such as logarithmic, exponential, or polynomial.

The general logarithmic equation is as follows:
y = ax b ( E. 15)
where a and b are constants. The exponential equation is of the form:

y = ae® (E.16)

where parameters are defined as for the linear model and e is the exponential
function. This equation is often used in population and radioactive decay studies.

A polynomial equation is of the form:
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y=a+bx+bx*+ ...+ bx" (E.17)

This equation can also be treated and analyzed as a multiple regression equation.
Multiple regression uses more than one independent variable (x,,...,x,), such as flow

and NPS contaminant concentration, and a constant (b,,...,b,) for each variable. This

equation is of form:

y=a+bx + ...+ bx (E.18)

If a logarithmic (as is typical in many water quality studies) or exponential
equation is used, the logarithms of the actual data can be used so that the equation
is converted to its linear form. The parameters of the linear and nonlinear equations
can then be easily determined using standard methods. Depending on the
independent variables, time period for the regression, form of the equation, and the
form of the data, the best fitting regression equation (as determined by the greatest
correlation coefficient) could be selected for use. |
E.13 Cement Creek Water Quality and Sediment Data Gaps

No sediment data have been collected in the Cement Creek subbasin to date.
However, the first sampling event during storm flow (9/7/92) included analysis for
total metal concentrations as well as dissolved concentrations. The dissolved fraction
of zinc accounted for more than 90% of the total concentration, and had no
significant dependence on pH. The percent dissolved fraction was slightly higher in
the tributaries than in the main stem. This was likely due to the somewhat lower pH
in the tributaries. For zinc in Cement Creek, therefore, analysis of the total fraction
and of concentrations adsorbed to sediment is not as important because most of the

zinc is in dissolved form.
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No data on contaminant concentrations of NPSs are available for the Cement
Creek subbasin because no sampling and analysis of waste material has been
performed in the past or as part of the CDPHE study. This data gap precludes the
use or detailed evaluation of the USLE-based approach at this site, and could impact
the applicability of a statistical approach for this basin. The concentration or mass
of contaminant in the subbasin that leaches to surface waters might be the most
important independent variable and critical for a regression equation. This data gap
will likely be the case for the majority of IAMs.

Data are currently i)eing collected on areal extent of NPSs within the Cement
Creek subbasin .by USBMina cooperativé effort with other federal agencies. Aerial
photographs alone do not provide adequate detail, given the small scale of the color
photographs, to estimate NPS areas. Fairly extensive field reconnaissance is required
in this case; Therefore, these data are not currently available for use in empin'éal
or statistical modeling for this site.

The only currently available data for possible independent variables for the
Cement Creek subbasin, therefore, are subbasin areas and flowrates. Flowrate and
volume are generally functions of area. Concentrations and loadings in a subbasin
are more dependent on variable ﬂO\.?VS than on a constant area. Therefore, ﬂowréte
was used as an independent variable to examine the potential correlation between
loadings and/or concentrations with flows within the basin. The procedures discussed
above were used including linear regression on the actual and logarithmic data. The
logarithmic analysis evaluates nonlinear relationships between variables using an

exponential equation. Only annual relationships were examined.

355



This was accomplished using two methods or data sets. Oﬁe data set included
flows and concentrations/loadings at all monitoring stations throughout the basin and
the correlation between flows and concentrations/loadings at any station was
evaluated. It was found that no significant correlation exists between concentrations
and flows (or their logarithms) among all stations (R? less than 0.1). This means that
flows alone cannot be used to estimate concentrations at any point the basin with any
degree of confidence based on the data collected over a year (given the synoptic
study data set). An examination of the correlation between concentration and flow
on a seasonal basis was not performed, but might have shown a greater correlation.
A significant correlation was found, however, between loadings and flows among all
stations (R? = 0.93). This is not surprising consideriné that loading is a function of
flow. This is known as spurious correlation (Hahn, 1977). The correlation between
two variables is spurious when thé dependent variable is a mathematical function of
the independendt variable (such as when loading is equal to the concentration
multiplied by flow). Total and unit area loadings from first order subbasins were also
found to have fairly significant correlations with flow (R* = 0.77 and R* = 0.65,
respectively). Only values measured at monitoring stations were used because the
potential error in values obtained using the loading estimation procedure could bias
the regression analysis. These relationships tend to be influenced by one large value
(15.4 cfs, 35,797 g/day, and 48.73 g/ac-day). However, it still may be possible to
estimate the zinc loading at any location within the basin based on the measured or
modeled flow at that location using these relationships.

The second data set included the Colorado River Watch Program data. In this
case the correlation between flow and concentration at individual stations was
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evaluated. For each station, all data collected over an approximately two-year period
were used in the analysis. Station A68 in the Animas River immediately above the
confluence with Cement Creek was one of the locations. Station MC34 at the mouth
of Mineral Creek was also used. The same regression methods discussed above were

used. In this case, no significant correlation existed between concentration and flow

~ at Station A68. However at Station MC34, a significant correlation with an R? of

0.64 was found using a nonlinear (logarithms of the data) model. A stronger
correlation between conc-:entrzition and flow might exist in the Mineral Creek Basin
relative to that in the Upper Animas River Basin because the dissolved zinc
concentrations are lower and less variable in the Mineral Creek Basin as a result of
fewer contaminant sources that are influencing concentrations in this basin. The
relationships of loadings and flows at these stations was not evaluated although it
would be expected that a correlation will exist.

It is difficult to depend on flow only for prediction of loadings or concentrations
in a spatially diverse watershed. Some parameter related to contaminant
concentrations or mass in subbasins would be a reasonable next step to eyaluate
correlation of variables in a watershed and might be required for a useful regression
equation. This type of information is currently not available for the Cement Creek
Basin as well as .for most IJAM watersheds.

E.2 Methods to Fill Aquatic Ecologic Data Gaps

This section discusses methods that could be used at many IAMs to fill some of

_ the data gaps identified above. Additional data collection is the primary method for

filling these data gaps. The feasibility of modeling to derive the required information

on aquatic ecology is very limited for these sites.
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Ecosystem measurement endpoints typically include biomass and productivity of
the system or its components and nutrient dynamics. Ecosystem parameters are
generally difficult to measure, difficult to interpret, and no standardized methods
exist. Often it is useful to develop a conceptual framework or model of the
important contamination sources, transport pathways, exposure points, and ecological
receptors and effects at a site in order select appropriate endpoints and sampling
and analysis methods and to generally perform a cost effective ecological assessment.
A tiered or phased approach to the assessment might also be effective for some sites
that is dependent on the initial and subsequent information required and available

resources. The information derived from the initial phases is fed into the subsequent

~ phases so that limited resources are used in an optimal manner.

E2.1.1 Toxicity Tests

Toxicity tests are used to measure the effects of contaminated media from the
site on the survival, growth, and/or reproduction of aquatic biota. Samples of water
and bed sediment are typically collected and submitted to the labofatory for testing
with several standard test organisms. Ceriodaphnia and fathead minnow are typical
test organisms. Although toxicity tests are sometimes performed in situ or with
resident organisms from the site, this is usually not necessary as long as the
laboratory test organisms are representative of the resident organisms. Three
measurement endpoints are derived from toxicity tests:

1. percent survival of the test organisms in 100% site sample in laboratory tests
or in situ exposures '

2. a concentration-percent survival relationship for laboratory tests run at several
test concentrations of the surface water or sediment

3. estimates of LC50s (mortality), EC50s (growth and reproduction), and other
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parameters

Toxicity tests provide a measure of the integrated effects of bioavailable
contaminants and establish the link between elevated concentrations and biological
effects. Evaluation of ecological effects, however, still requires a biological survey.
Strong evidence exists for metals impacts to the aquatic community if a correlation
exists between locations of toxicity and ecolégical impacts. Methods for ;oxicity tests
are well developed and standardized with stringent QA/QC procedures.

Depending on the length of the exposure of the test organism to the
contaminated media, toxicity tests are classified as either acute or chroﬁic. Acute
tests are best for initial evaluation of toxic conditions at a site because they are easy,
quick, and inexpensive. However, they are also less sensitive to toxicity than chronic
tests. Chronic tests, therefore may also be required in many cases to assess less toxic,
but still problematic conditions.

E2.1.2 Biomarkers

Measurements of bioaccumulation or chemical concentrations in organisms are
a biomarker of exposure and sublethal stress. Other biomarkers include
concentrations of enzymes, genetic abnormalities, physiologi;al responses such as
rates of gas exchange in plants, and histopathological (tumors) or skeletal
abnormalities. Use of biomarkers has broad applicability' among taxonomic levels
and has relevance to the assessment of potential hazards to human health. Field and
laboratory measurements can be made using the same methods. The information.
derived from these tests, therefore, is comparable.

Standardized or accepted biomarkers are not available for many contaminants
of interest at IAMs. In additioh, it is difficult to establish a relationship between a
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biomarke;r and a population-level effect. Therefore, their use is most applicable
when in conjunction with toxicity tests and biological surveys.
E2.13 Biological Surveys

Biological surveys measure the structure and function of populations and
communities at a site, and are the only method to measure actual ecological effects
at the population and community scale. The cause of the effects, hqwever, can only
be determined by combining biologiéal surveys with chemical sampling, toxicity
testing, and biomarkers. Because of significant natura.l variability in lspatial and
tempofal conditions, the results of surveyS can be difficult to interpret with regard
to effects of contamination versus natural variability. Periphyton, plankton,
macroinvertebrates, and fish are typically measured. Structural endpoints include
relative abundance, species richness, community organization (diversity, evenness,
similarity, guild structure, and presence or absence of indicator species), and biomass.

Species richness is the number of species in a community. Relative abundance
is the number of individuals in any given species compared to the total number of
individuals in the community. These parameters are measured by sampling known
substrate area or Water volumes. Rapid bioassessment methods measure these
parameters only to the family and genus instead of the species level to reduce costs
and time requirements, especially for invertebrates.

Biomass is the mass of tissue in an individual, population, or community at a
given time. This can be measured gravimetrically on a dry or wet basis, but direct
measurement of individuals or biomass is time consuming or impossible. Therefore,
pooled samples of individuals or indirect methods are used. The biomass of
periphyton is typically measured, while the biomass of invertebrates and fish is not.
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Indicator species have been used to assess adverse impacts to ecological
communities. The presence or absence of sensitive species that respond negatively
to pollutants is used as a measure. Although this method has been used for -
conventional pollutants, it lacks broad applicability to metal contamination because
some sensitive species exposed for long periods become more tolerant of the
pollution over time. The indicator species apbroach is particularly useful, however,
when species upstream of the waste site or in unimpacted areas are used as
indicators.

Indices simplify data for interpretation or presentation, and can be classified into
several different types:

° evenness - measuring how equitable individuals in a community are
distributed among the taxa present

o diversity - calculating the abundance of individuals in one taxon relative to the
total abundance of individuals in all other taxa

L similarity - comparing likeness of community composition between two sites

o biotic indices - examining the environmental tolerances or requirements of

individual species or groups

Indices should be used with caution and in conjunction with other structural
endpoints. Statistical assumptions of independence, normality, and homogeneity of
variance are frequently violated for these measures; Therefore, statistical

transformations or rank-order statistics are recommended (USEPA, 1989b).
~Guilds are functional feeding groups in a species and are classified based on how
biota obtain their food and energy. For example, fish can be classified as omnivores,
insectivores, and piscivores. Changes in community guild structure aléo represent

changes in the trophic-dynamic status of the aquatic system. Changes within guilds
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can also occur, but must be fairly significant to be able to be measured.

Many of the ‘data analysis methods that can be used for biological data are
similar to those discussed in Section 6 for chemical data. A correlation between
biological survey data and the toxicity and chemical data is a strong indication of
causality and impacts from a waste site. The strength of the correlation can be
evaluated with several statisﬁcal methods including regression and nonparametric
methods. Plots of toxicity and ecological data versus distance can also be used to
locate potential source areas and impacted stream segments. Comparisons of
biological information between upstream or unimpacted areés to downstrézim
impacted areas can also be made. Patterns can be observed using these methods
providing evidence of causality.

Statistical methods can include correlation, multiple regression, analysis of
variance, the nonparametric equivalents of these methods, and comparisons of cdfs.
Like for chemical data, the uncertainty in the biological data and in the statistical
results should be estimated explicitly so that the confidence in the derived
information. can be used in the decision-making process.

Spatial data analysis methods and GIS are uséful for many types of biological
information. Maps can be used to plot sampling locations and display spatial
patterns using point display methods for spatially discontinuous data and three-
dimensional surfaces for continuous data using contours, isopleths, or perspective
plots. Simple x-y scatter plots are very useful for visually evaluating the relationships
or correlations between variables and identifying nonlinear patterns and outliers. A
glyph plot is very similar to a standard x-y scatter plot except that information is
conveyed not only by the coordinates but by the use of symbols. Glyph plots are
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used to convey information by changing the appearance of a pictograph, and can be
used in a coordinate-free manner to visually present .multivariate data. Surface
methods can be used to repfeselit measured values on a smoothly varying continuous
surface using a three-dimensional perspective plot or contours. Interpolation of
values between measured points is performed for these methods, usually using

specialized computer software. Typical methods of spatial interpolation include

 Thiessen polygons, spatial splines or polynomial interpolation, distance weighted least

squares, and spatial stochastic processes or kriging.
E22 Cement Creek Aquatic Ecologic Data Gaps

Very limited aquatic ecologic data have been collected in Cement Creek by the
Colorado Division of Wildlife as part of the CDPHE study. Data collected are
limited to fish and benthic macroinvertebrate species and abundance in the main
stem of Cement Creek. The data show that no fish currently live in Cement Creek,
and that macroinvertebrate populations do exist but are not healthy. Even these
limited ecologic data, based somewhat on limited biologic activity, show that the
stream is severely impaired, significant loadings of toxic metals probably come from
sources within the Cement Creek basin, and that restoration of the aquatic system
would be difficult to achieve.

The primary aquatic ecologic data gaps for Cement Creek include the toxicity of
both water and bed sediment to fish and macroinvertebrates. Information on the
physical habitat in the stream would also be useful with regard to its ultimate use
attainability. Given the ecologic degradation of the stream, however, the toxicity of
dissolved metals is fairly obvious and the physical characteristics of the channel are
not likely impairing aquatic life to any significant degree. This typé of information,
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therefore, is not critical to the current assessment of the creek. If Cement Creek is
to be targeted for restoration in the future, however, additional and more detailed

aquatic ecologic information will be required.
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LIST OF ACRONYMS AND ABBREVIATIONS

AMD acid mine drainage
AML abandoned mine land
ARARs applicable and/or relevant and appropriate requirements
ASCII American Standard Code for Information Exchange
BMP best management practice
CCEM Colorado Center for Environmental Management
CERCLA Comprehensive Environmental Response, Compensation, and
Liability Act '
CERCLIS Comprehensive Environmental Response, Compensation, and
Liability Information System
cdf cumulative distribution function
CDNR Colorado Department of Natural Resources
CDPHE Colorado Department of Public Health and Environment
CHIA cumulative hydrologic impact assessment
CIl ' confidence interval
CN curve number
CNE curve number equation
CWA Clean Water Act
DAP data analysis protocol
DO dissolved oxygen
DOC dissolved organic carbon
EC50 median concentration affecting growth and reproduction
ERA ecological risk assessment
GIS geographic information system
HRS hazard ranking system
HSI habitat suitability index
IAM inactive and abandoned mine _
IDEQ Idaho Department of Environmental Quality
I1Q _ interquartile range
LA load allocation
LCO01 threshold. for mortality in a cohort
LC50 median lethal concentration
MDL method detection limit
MUSLE modified universal soil loss equation
NOEL no observed effect level
NPDES National Pollutant Discharge Elimination System
NPL national priorities list
NPS nonpoint source pollution
NURP Nationwide Urban Runoff Program
OTA Office of Technology Assessment
PA/SI preliminary assessment/site inspection
QA/QC quality assurance/quality control
RCRA Resource Conservation and Recovery Act
RI/FS _ remedial investigation/feasibility study
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RUSLE
SARA
SMCRA
TBELs
TDS
TMDL

TSS
TVS
UMTRCA
USBLM
USBM
USDA
USDI
USEPA
USFS
USGS
USLE
USNPS
USSCS
WET
WGA .

WQBELs

revised universal soil loss equation

Superfund Amendments and Reauthorization Act
Surface Mining Control and Reclamation Act
technology-based effluent limitations

total dissolved solids

total maximum daily load

Taos Resource Area

_ total suspended solids

table value standard

Uranium Mill Tailings Reclamation and Control Act
U.S. Bureau of Land Management
U.S. Bureau of Mines

U.S. Department of Agriculture

U.S. Department of Interior

U.S. Environmental Protection Agency
U.S. Forest Service

U.S. Geological Survey

universal soil loss equation

U.S. National Park Service

U.S. Soil Conservation Service

whole effluent toxicity

Western Governors’ Association

waste load allocation

water quality-based effluent limitations
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